®

0

NAVAL POSTGRADUATE SCHOOL
Monterey , California

|
|

T,

DTIC

ELECTE
MAR1 5 1993,

AD-A261 80
R

THESIS

AEW AIRCRAFT DESIGN
by

Michael J. Wagner

December 1992

Thesis Advisor: Conrad F. Newberry

Approved for public release; distribution is unlimited

93-05285

b L e

U+
Z.
-




YUNCLASSIFIED
URITY CLASSIFICATION OF [HI3 PAGE

REPORT DOCUMENTATION PAGE

Ta REPORT SECURITY CLASSIFICATION
UMNCLASSIFIED

1b RESTRICTIVE MARKINGS

NONE

28 SECURITY CLASSIFICATION AUTHORITY

b DECLASSIFICATION s DOWNGRADING SCHEDULE

3 DISTRIBUTION: AvAILABILITY OF REPORI

Approved for public
distributinn

release;
unlimited

4 FERFORMING ORGANIZATION REPORT NUMBER(S)

S MONITORING ORGANIZATION REPORT NUMBFR(S)

Ab OFFICE STMBOL
(1f applicable)

31

6a NAME OF PERFORMING ORGANIZATION

Maval Postgraduate School

Ta NAME OF MONITORING ORGANIZATIOM

Naval Posigraduate School

6 ADDRESS (City, State. and 2IP Code) 7 ADDRESS (City. State. and 21P Code)
Monteray CA 93943-5000 Monterey,CA 93943-5000
82 NAME OF FUNDING / SFONSORING Ab OFFICE SYMBOL |9 PROCUREMENT INSTRIJMENT IDENTIFICATION NitRRER

ORGANIZATION (It applicable)

8¢ ADDRESS (C:ty, State, and 2/P Codle)

10. SOURCE OF FUNDING NUMBERS

TASK
NO

WORK UNIT

PROGRAM PROJECT
NO ACCFSSION MO

ELEMENT NO

TITLE (Include Security Classification)

AEW Aircraft Design

12 PERSONAL AUYTHOR(S)

Wagner, Michael J.

13a fYPE OF REPORT 13b TIME COVERED
Master s Thesis FROM 10

14 DATE OF REPDRT {Year. Month Day)

1S FAGF COUNT

December 1992 114

16 SUPPLEMENTARY NOTATION The views expressed
and

Defense or the U,S, Goverpment,

in this thesis are those nof the
do not reflect the official policy or position of the Departmant ¢

anthnr

17 COSATI CODES

FIELD GROUP SUB GROUP !

18 SUBJECT TERMS (Continue on reverse :f necessary and identify by block number)
AEW Design,Existing Rntndome,FJC ,Frornsed PFFT

19 ABSTRACT (Continue on reverse if necessary and 1dentify by block number)

The aging E-2C fleet is expected to be retired by the year 2015. In order to provide Airborne Early

VAL

Vearning
Arcraft must begin soon

{AEW) for the battle group during the transitional years and beyond. the design of a replacement
In order to conform with present day economic realities. one posibie

conhquration 1s a new airframe using the radar system and rotodome which currently operates on the
£.2C  Other likely requirements for a new AEW aircraft includes a high-speed dash (M=0 7 2 85,
capabiity, an extended mission time (up to 7 5 hours), turbofan engines. and an aircrew ejection systerm
The results of this design effort includes an investigation of a possible configuration and tha
aerodynamics involved Pertormance and Stability & Control charactenstics are also discussed bnetly
Finally, a quaitative analysis of the use of the E-2C’s radar system on a new airframe will be presented

20 O'STRIBUTION - AVAILABILITY OF ABSTRACT
B uncuassireounumiten O same as ret

O oric USERS

Pal ABS’RA'STNS&&%IgIE*eBIH(A TION

228 NAME OF RESPONSIBLE INDIVIDUAL
C F. Newberry

22b TELEPHONE (Include Ares Code)

OFSHE SrARMNL
AA/NE

22¢
(408)656-2491

DO FORM 1473, saman

83 APR edition may he used yntd exhausted
All nther editions are obsnlete

UNCLASSIFIED Otnes 1988 400 743




Approved for public release; distribution is unlimited.
AEW Aircraft Design
by
Michael J. Wagner
Lieutenant Commander, United States Navy
B.S., La Salle College

Submitted in partial fullfillment
of the requirements for the degree of

MASTER OF SCIENCE IN AERONAUTICAL ENGINEERING
from the

NAVAL POSTGRADUATE SCHOOL
December, 1992

Author: %/C/W&/ / / (///;(%h,\_

Michael J.yagner /

Approved by:

Conrad F. Newberny, Thesis Adv%or N

Rebad 1k dpuod

Richard M. Howard, Second Reader

Jod X~ GOL

Daniel J. Cdflins, Chairman
Department of Aeronautics and Astronautics




ABSTRACT

The aging E-2C fleet is expected to be retired by the year 2015. In order to
orovide Airborne Early Warning (AEW) for the battle group durng the
rransitional years and beyond. the design of a replacement aircraft must begin
soon. In order to conform with present day economic realities, one possible
configuration is a new airframe using the radar system and rotodome which
currently operates on the E-2C. Other likely requirements for a new AEW
aircraft includes a high-speed dash (M=0.7-0.85) capability, an extended
mission time (up to 7.5 hours), turbofan engines, and an aircrew ejection
system.

The resulits of this design effort includes an investigation of a possibie
configuration and the aerodynamics involved. Performance and Stability &
Control characteristics are also discussed briefly. Finally, a qualitative analysis

of the use of the E-2C's radar system on a new airframe will be presented.
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I. INTRODUCTION

The purpose of this thesis is to provide an initial conceptual design for a
carrier-based Airborne Early Warning (AEW) aircraft that would replace the
E-2C. The AEW aircraft design is in response to a Proposed Request For
Proposal (Proposed RFP), which is based on the perceived need to replace the
E-2C. The Proposed RFP was prepared by C.F. Newberry after informal
discussions with several individuals including students, Naval Air Systems
Command (NAVAIRSYSCOM) staff, and other members of the E-2C community.
It is not an official document, but rather a general guideline for an AEW design.
The Proposed RFP is included as Appendix A. This chapter will provide some
introductory material necessary to understanding the issues involved in
designing any generic AEW aircraft. A description of a generic AEW mission
profile will be discussed. Additionally, a brief description of the method of

design will be presented.

A. BACKGROUND
1. Proposed Request For Proposal
With an increasingly aging E-2C fleet, the Navy has recently
recognized the need for a replacement AEW aircraft. In accordance with
present economic realities, the first objective is to provide a capable platform

that is cost effective. A “low risk airframe configuration” is most desired. A low




risk detection system is also desired. In order to satisfy the above objectives, a
Proposed RFP requirement is to include the existing 24-foot rotodome currently
being used on the E-2C in the new design.

In order to detect high-speed adversary aircraft as far from the battle
group as possible, and to quickly replace an aircraft with an inoperative
detection system, there is a requirement that a new AEW platform possess a
high speed dash (M=0.70-0.85) capability. The aircraft must also possess
excellent |oiter characteristics in order to provide long periods of detection for
the battle group. A total unrefueled mission cycle time of 5.75 hours is required.
Additionally, an in-flight refueling capability is required to extend mission cycle
time.

The new AEW aircraft is required to provide direct self defense. It is
expected that two AIM-7 Sparrow-sized missiles would be mounted on wing
stations. Additionally, it is required that the aircraft possess chaff and flare
launchers. Also, there is a requirement for a crew ejection escape system.

Carrier Suitability requirements include total compatibility with all
CVN-68 (Nimitz class) carriers and subsequent, and a maximum takeoff weight
of 60,000 Ibs. Also, in an effort to remove the hazards of spinning propellers on
the Jlight deck, a turbofan propulsion system is required. Table 1 outlines the
significant Proposed RFP requirements for the AEW aircraft.

2. AEW Mission Profile
The Proposed RFP specified some general mission requirements the

AEW aircraft must be able to accompiish. Also included is standard information




on essential mission parameters such as star, taxi, fuel reserves, etc. These

requirements were used along with a baseline knowledge of the AEW mission

to generate the mission profile shown in Figure 1. Mission parameters are

summarized in Table 2.

TABLE 1. PROPOSED RFP REQUIREMENTS

PROPOSED RFP TOPIC

REQUIREMENT

High Speed Dash

Mach = 0.70-0.85

Loiter

4.5 hrs at 250 NM from Carrier

Mission Cycle Time (no refuel) 5.75 hours
Mission Cycle Time (refuel) 7.50 hours
Detection Antenna Existing 24-Foot Rotodome
Propulsion Turbofan
Escape System Ejection
Maximum T/0 Weight 60,000 Ibs.
Carrier Suitability ~ Total Compatibility w/ CVN-68 and
Subsequent
Carrier Launch 0 Knots Wind Over Deck (WOD)
Carrier Arrestment 0 Knots WOD

Single Engine Waveoff

500 ft./min. minimum

Weight Growth

4000 Ibs. minimum

Limit Load Factor

3095

~Self Defense

2 Missiles, Chaff, Flares

Cockpit

High Visibility for Ship OPS




4+30 Lolter

TS

High Speed Dash \
(M=0.70-0.85)

Descent &
Recovery

Total Cycle Time:
S5+ 45 (unrefuel) L ?z:felo/r:ex‘/
7+30 (refueled) rd:|

-% approx. 250NM -

Figure 1. AEW Mission Profile

It should be noted that some of the performance parameters presented
in the Mach number, Distance, and Time columns in Table 2, are approximated
based on historical trends and past experience. A more detail estimation of

performance is provided in Chapter V.




TABLE 2. MISSION PARAMETERS

PHASE M | ALTITUDE DIS- TIME TOTAL | POWER
NO. (FT) TANCE TIME
(NM)
srart Tax 0 0 - 0+20 0+20 idle
“akeoff 0.3 0 - - - Mil
Accel/Climb | 0.5 [ 0-35,000 35 0+20 0+40 Mil/Max
High Speed |0.78 35,000 250 0+30 1+10 Max/ Mil
Dash
Loiter 0.45 35.000 - 4+30 5+40 AR
Descent 0.7 35,000- 35 0+10 5+50 Idle
5.000
Recovery 0.7-1 5,000-0 - 0+15 6+05 AR
0.2

Also note that by choosing a specific Mach number for the high speed
dash phase, the first design decision was made. The Mach number range
given in the Proposed RFP was too broad. The upper end of the Mach number
range seemed a little too high (M=0.85), particularly from the standpoint of drag
divergence. On the other hand, the lower end of the range (M=0.70) seemed a
littte too low from the standpoint of design technology. It was decided that a
mid-range Mach number (M=0.78) was the maximum realistic speed to which

this AEW aircraft could be designed.

B. DESIGN STRATEGY

As previously mentioned, the primary purpose of this research was to
provide a first iteration on a conceptual design only. As such, the areas of
research are directly proportional to the areas of emphasis given in the

Proposed RFP. The focus of this research will be on the aircraft configuration




and the resulting aerodynamics. Performance and Stability & Control will also
be discussed briefly. Some of the topics addressed in preliminary design books
such as References (1) and (2) are outside the scope of this research. Such
topics include propulsion, structures, and cost analysis. A more complete
design effort is possible only after an entire design team is assembled.

The primary objective during the design process was to remain focused on
what the customer (NAVAIRSYSCOM) might desire in a AEW aircraft. This
design approach, known as Quality Function Deployment (QFD), seems
obvious but is a new concept to most design teams. QFD will be discussed in
detail in Chapter Il.

In order to avoid “reinventing the wheel” and to keep costs down,
characteristics of proven aircraft with similar missions (i.e., E-2C, S-3A, EA-6B)
were evaluated, and integrated into this AEW aircraft design. The overall
philosophy was to keep the AEW aircraft design as simple, and as conventional
as possible. Design techniques and equations were used in accordance with
conventional design books such as References (1) and (2). Aiso, computer
programs such as MATLAB and EXCEL were used as much as possible to
rapidly complete future iterations. The programs are included as appendices.
The equations in each computer program are referenced with the appropriate

book and equation number, in order to assist any follow-on work to this thesis.




Il. PRE-DESIGN ANALYSIS

It is widely understood that the further along a product is in its design
process, the less design freedom the engineer enjoys. Therefore before any
design process begins, it is imperative that the customer’'s desires and
parameter constraints be thoroughly analyzed. This chapter will examine the

specifics of QFD, and the constraints placed on the AEW aircraft.

A. QUALITY FUNCTION DEPLOYMENT (QFD)

Because of the present realities of fierce global competition, major
companies throughout the world are searching for creative ways to produce
high quality products at competitive prices. For governments on tight budgets,
the commitment to high quality and low cost has also become increasingly
important. The results of these realities have been numerous quality-based
management, engineering, and design philosophies. Some of these
philosophies include Deming’s Total Quality Management (TQM), Taguchi's
Parameter Design Method, and Mitsubishi's Quality Function Deployment
(QFD). It has been these kinds of quality-oriented philosophies that have made
Japanese industries so successful. Because these strategies are
complementary, the more general term of QFD will be used for the purpose of

this discussion.




As noted in Reference (3), it is extremely difficult (and costly) to implement
quality into a product that has already been designed. Therefore in order to
design a quality product, it is imperative that before a preliminary design
process begins, sufficient time must be spent on the issue of product quality.
From the standpoint of QFD, the answer to the question "What is Quality?" is
simple--quality is providing what the customer wants! Reference (4) provides a
more formal definition--*Quality is the loss a product causes to society after
being shipped, other than any losses caused by its intrinsic functions”. The
purpose of QFD is to investigate what the customer wants in detail, and then
translate those desires into engineering and design decisions.

The result of implementing QFD speaks for itself. As Reference (5) points
out, Toyota Auto Body reduced costs by 61% after implementing QFD.
Reference (6) notes that an unspecified Japanese automaker with QFD takes
32 months from first design to finish a car, while it takes 60 months for a U.S.
automaker without QFD! These results were accomplished because of a
commitment to begin the design process only after extensive customer research
was completed. Once the design process was underway, the need for design
changes became almost non-existent, because the customer's desires were
already known. Figure 2 is reproduced from Reference (5) and graphically
illustrates the difference in the design philosophies between two automobile
companies. The lesson to be learned is ciear--if more time and money are
spent investigating customer desires before the design process begins, more

time and money will be saved in the long run, and product quality will be higher.
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Figure 2. Results of QFD [Ref. 5}

In terms of an AEW aircraft design, a preliminary QFD analysis was
performed based on the customer's (NAVAIRSYSCOM's) perceived desires
expressed in the Proposed RFP. These desires, commonly referred to as
Customer Attributes (CAs), were then numerically prioritized in accordance with
the relative impontance gi\)en them in the Proposed RFP. Based on the
customer attributes and their relative importance, a House Of Quality (HOQ) was
constructed. The HOQ is a matrix-type figure that puts customer attributes into a
format that is usable by both engineering and management. The HOQ is shown
in Figure 3.

Several items should be mentioned in the construction and use of the

HOQ. As was previously mentioned, CAs were ranked according to the relative




importance given them in the Proposed RFP. The Relative Importance (RI) is an
integral part of the HOQ because it is a constant reminder to both management
and engineering of their priorities. The Rl is a major tool for making design

decisions.
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Figure 3. House of Quality
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Note that Figure 3 shows CAs vs. Engineering Characteristics (ECs). The
CAs can be considered the “what” portion of the HOQ while the ECs can be
thought of as the *how” portion. This is because the CAs communicate what
needs to be accomplished while the ECs tell us how they can be
accomplished. Reference (5) points out that, "Engineering Characteristics
should describe the product in measurable terms and should directly affect
customer perceptions”. Thrust-to-Weight ratio (T/W) for example, is clearly
measurable and it will directly affect how the customer perceives the product in
terms of its performance characteristics. Also note that shown with each EC is a
plus or minus sign. This communicates to the engineer what should ideally be
accomplished with a particular EC. For example, the Weight EC is followed by a
minus sign because the objective is to keep weight as low as practical.

The central matrix portion of Figure 3 is the primary vehicle in which CAs
and ECs communicate. As Reference (5) notes, it is in this central matrix that
ECs that affect particular CAs are identified, and relationships between them
are established. For example, there is a positive relationship between low
Weight (EC) and maximum Endurance loiter (CA). In other words, all other
things being constant, the lower the weight the longer the loiter time. Once this
matrix is completed, the engineer will have a better idea of how to proceed in
terms of the design process.

Another significant part of the HOQ is the characteristic roof. The roof is
used to establish relationships between various ECs. For example, there is a

negative relationship between low weight and higher Fuel Volume. Like the

11




central matrix, the completed roof heips the engineer make the necessary
decisions in the design process, by balancing these relationships.

The HOQ shown in Figure 3 is only the first in a series of four or more
HOQs that can be used to communicate the customer’'s desires through to the
actual manufacturing process. Figure 4 is reproduced from Reference (5) and
shows an example of how these HOQs might be related and how CAs trigger a
series of decisions made through to manufacturing. Note that the "how" portion
of each HOQ becomes the “what" portion of the next HOQ. The subsequent
HOQs in the series would necessarily be generated after future iterations in the
design process. It is difficult for example, tc examine the characteristics of

specific parts while still in the conceptual phase.

;i I i I B II !i v
§
HOUSE PARTS PROCESS PRODUCTION
OF QUALITY DEPLOVMENT PLANNING PLANNING

Figure 4. Linked HOQs [Ref. 5]
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It should be emphasized that the HOQ shown in Figure 3 is preliminary. |t
is based on the preliminary requirements given in the Proposed RFP.and is
primarily used for setting design priorities. Before the AEW aircraft design goes
beyond the conceptual phase, detailed marketing research should be
conducted to investigate what the customer wants. The research should
include a survey of all the customers including NAVAIRSYSCOM, aircrew, and
maintenance personnel. The research should be a study of likes and dislikes of
even the smallest details of an AEW aircraft. For example, questions on the
operation of the external door, or the location of a parking brake, etc.. should be
included when questioning customers. This research would then generate
many series of HOQs.

The QFD strategy cannot be overemphasized in the aircraft design
process. Although the process may seem time consuming and wasteful at first.
a properly implemented QFD program will result in enormous long run benefits
to both the aircraft company and the customer. Within the scope of this
research, only aircraft companies with fully implemented QFD programs shouid

be considered for development of the AEW aircraft.

B. CONSTRAINT ANALYSIS

Before the actual design process can begin, it is necessary toc evaluate two
of the aircraft's characteristics. These characteristics are T/W and Wing
Loading (W/S). A series of performance equations may be derived in which

T/W is expressed as a function of W/S. These equations are derived in

13




Reference (7). Equation constants are obtained from performance
characteristics provided in the Proposed RFP. For a range of W/S, a range of
T/W may be generated for each equation. The equations are ther graphed on a
single constraint plot. The plot graphically depicts a solution space. Any T/W-
W/S combination may be selected within that space. Obviously, some T/W-W/S
combinations will be better than others. For example, suppose a constraint
analysis on an aircraft reveals that lowest T/W in the solution space is 0.25.
This means the aircraft can perform the required mission at a T/W = 0.25. It
would be illogical to choose a T/W = 0.50 even though it is also within the
solution space. It should be noted that although the constraint plot is primarily a
pre-design tool, it may be used throughout the design process. As more
knowledge of the design is known, more exact iterations of the constraint plot
may be generated. It should also be pointed out that the constraint analysis
need not be limited to performance equations only. For example, if a valid
expression for maintainability in terms of T/W and W/S is found, it should also
be included as part of the constraint analysis.

in order to keep future iterations simple, a computer program was written in
MATLAB, based on the performance equations derived in Reference (7). The
complete program is included as Appendix B. All equations in Reference (7)
applicable to the AEW mission were used with the exception of takeoff and
landing performance. Expressions presented in Reference (1) were used for
takeoff and landing performance because of their simplicity and their more

conservative results. Performance equation constants were obtained from

14




performance characteristics provided in the Proposed RFP and from a baseline

knowledge of the AEW mission. The results of the AEW constraint analysis is

shown in Figure 5.

Thrusev-Weight Rexio (TTW)

EXRRN

Wing Loading (W/S)

KEY: 1) High Speed Dash at M=0.78 & 35K ft. ==> '_°
2) Max Endurance at M=0.45 & 35K ft. ==> '---'

3) Constant Speed Climb at M=0.41 & 15K ft.

4) Sustained ‘g’ Turn at 2g's & 20K ft. ==> "+ ¢

S) Level Accel Run at 35K ft. ==> ‘00’

6) Takeoff Performance (Nicolal) ==> " *
7) Landing Performance (Nicolal) ==> |’
8) Maintatnabllity (MMH/FH=30) ==> '_

Figure 5. AEW Constraint Analysis

140

Y X

The solution space is the outlined upper center portion of the graph. Note

the relatively flat bottom of the solution space. This flat bottom is most fortuitous

because it allows a certain degree of design freedom.

15
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T/W of 0.46, a W/S anywhere between 55 and 116 Ibs/ft2 can be chosen.
Because of wing area limitations for carrier operations however, the W/S for an
aircraft of this size is typically between 70 and 116 Ibs/ft2.

Also note that the constraint plot includes a maintainability line. The line is
the result of a equation derived in an unpublished paper by C.F. Newberry. The
equation is the result of a linear curve fit of data from 25 different aircraft. It
should be noted that there are limitations in the application of this equation.
First, none of the aircraft for which data was supplied are Navy aircraft. Navy
aircraft traditionally have different Mean Man Hours/Flight Hour (MMH/FH) rates
than other aircraft. Second, a general trend should not be assumed using 25
very different aircraft. These aircraft ranged from T-38's to 747's. Although the
validity of the maintainability line may be suspect, it should be investigated in
greater detail, using a larger database of aircraft similar to the aircraft being
designed. The current maintainability equation may be used in the constraint

analysis, but only as long as its impact is integrated in a reasonable fashion.
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il. AEW CONFIGURATION

This chapter will discuss the initial conceptual design for the AEW aircraft.
A description of the aircraft will be provided along with the rationale behind
various design decisions. An initial weight & balance evaluation will also be
discussed. Finally, an analysis of the AEW aircraft with various carrier suitability

requirements will be performed.

A. AIRCRAFT DESCRIPTION
1. Introduction
The purpose of this section is to provide a brief description of the
external aircraft configuration, and to provide justification for some design
choices. Not all configuration characteristics of the aircraft will be discussed in
this section however. Aircraft characteristics directly related to aerodynamics
will be discussed in Chapter IV. These characteristics include planform
selection, airfoil selection, and high lift devices.
2. General
The AEW aircraft design is shown in Figure 6. The aircraft is designed
to hold a crew of four and will be powered by twin turbofan engines. Crew
seating will be arranged in a dual-tandem configuration. Large cockpit
windows will allow better visibility for carrier (CV) launch and recovery

operations. The rotodome antenna will be supported by the existing rotodome
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Figure 6. AEW Aircraft Design
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pylon. Also, in order to satisfy CV requirements, the rotodome retraction system
that was operational on early E-2's must be used. Twin vertical stabilizers will
be mid-mounted at either end of the horizontal stabilizer. A total fuel weight
estimate of 14000 pounds was based on fuel volume calculation procedures set
forth in Reterence (8). It should be noted that this iteration of the aircraft design
includes no composite materials. Significant aircraft dimensions are presented
in Table 3.
3. Specitic Component Description
a. Engines

Although a detailed study of the propulsion system was outside
the scope of this design effort, an initial analysis of the requirea engine
performance was made. In order to meet the mission requirements of high-
speed dash and long time loiter, it is clear that a high-bypass turbofan engine
with a low Thrust Specific Fuel Consumption (TSFC) is required. Assuming an
initial takeoff weight of approximately 55,000 Ibs. and a T/W = 0.46, the thrust
per engine requirement is approximately 12,700 Ibs. As shown in Reference
(9). the technology for such an engine already exists. Two operational engines
with characteristics similar to those required for the AEW aircraft, are presented
in Table 4. Further design iterations should include an investigation into the
feasibility of using an upgraded version of the General Eilectric (GE) TF34-GE-

400A engine in the AEW aircraft.
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TABLE 3. AEW AIRCRAFT DIMENSIONS

CHARACTERISTIC DIMENSION
Body Length 55 ft.
Body Diameter 8 ft.
Body Fineness Ratio (/D) 6.875
Wing Span 72 ft.
Wing Area 639 ft2
Wing Loading (W/S) Approx. 85 ib/ft2
Wing Sweep (leading edge) 21 degrees
Wing Thickness Ratio (t/c) 0.12
Wing C mac 9.77 ft.
Wing Aspect Ratio 8.11
Wing Taper Ratio 0.29
Horizonal Tail Area 180 ft2
Horizonal Tail Sweep 14 degrees
Elevator Area 47 ft2
Vertical Tail Area 90 ft2
Vertical Tail Sweep 26.6 degrees upper, 36.9 degrees
lower
“Rudder Area 60 ft2
Empennage t/c 0.10

TABLE 4. SIMILAR ENGINE CHARACTERISTICS

Engine | Maker | Type | Thrust | TSFC | Pressure| Dimen- | Weight
(Ibs.) 1 Ratio 4 sions (Ibs.)
(Dia.xL)
[ TF34-GE{ General |AFF3 | 9,275 | 0.363 21 52in. x | 1.478
400A , | Electric 100in.
FJR-710{Nat. Aero.|AFF 3 14,330 0.340 22 571in. x| 2,160
/600S 4 Lab 92.5in.
Tokyo

Notes: 1- At Maximum Power
2- S-3A Aircraft
3- Axial Flow Fan

4- NAL/Kawasaki Aircraft
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The engines should be mounted closely to the wing for two
reasons. First, exhaust flow through the slotted trailing edge flaps will help
reattach the airflow over the wing, thereby increasing CLmax. Second, an
engine mounted closely underneath the wing is further from the ground, and
therefore less likely to ingest foreign objects. This would result in fewer engine
replacements and lower life cycle costs.

b. Vertical Tail

As previously mentioned, the empennage will include two vertical
stabilizers. The maximum height of the vertical stabilizers were modeled after
the E-2C in an effort to keep the tails from interfering with the look-down
capability of the rotodome antenna. Each vertical stabilizer will include a rudder
control surface. It should be noted that if future iterations mandate higher
vertical tails, maximum use of composites will be necessary to avoid antenna
interference.

c. Aircraft Entry

Aircraft ingress will be accomplished through a single door in the
fuselage. A walkway will allow movement between the door and the cockpits.
The major advantage of this configuration is flexibility. The walkway will allow
the crew to move freely throughout the aircraft to troubleshoot avionics systems,
switch seats, etc. Consideration may be given to a canopy system similar to that
currently operating in the EA-6B. The canopy arrangement was initially ruled
out in this study due to potential engineering difficulty, increased life cycle costs,

and lack of flexibility.
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d. Wing Fold System

The first wing fold will be at 15 feet from the aircraft centerline.
This will result in a maximum wing fold span of 30 feet. This wing fold span is
within the maximum requirement of 35 feet and will allow easy storage of
aircraft on the flight deck. The wings are intended to fold vertically up. At the
completion of this vertical fold, the wing tip will physically interfere with the
rotodome antenna. Therefore a second wing fold at 30 feet from the centerline
is required. Dashed lines denote the wing fold breaks in Figure 6. The
horizontal wing fold system which currently operates on the E-2C was ruled out
for two reasons. First, horizontally folded wings create a large sail area. When
the aircraft taxis perpendicular to the wind on the carrier'deck, it tends to get
blown, resulting in lose of control. Second, it is clear from the geometry of this
AEW design that the wingtip of a horizontally-folded wing would not reach a
wing support on the horizonal tail tip.

e. Armament

The aircraft is designed to accommodate one wing station on each
wing at approximately 14 feet from the centerline. Each wing station should be
capable of carrying an air-to-air missile of 500 pounds. Aithough use of the
AIM-7 Sparrow missile was alluded to in the Proposed RFP, this is not
recommended. Use of the AIM-7 would require the aircraft to possess a high-
energy, target illumination capability. The new generation of “fire-and-forget”

air-to-air missiles such as AMRAAM and Have-Dash are much more suitable for
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the AEW aircraft. No target illumination is required for these missiles. Updated
target information is provided via data link.
f. Landing Gear

A landing gear analysis was performed based on procedures set
torth in Reference (2). The aircraft will use a standard tricycle system.
Longitudinal placement of the main gear was determined by an estimated
center of gravity location. Lateral placement of the main gear was determined
by a maximum overturn angle requirement of 54 degrees. The wheelbase will
be 26 feet long and the main wheel width will be 20 feet. The nose gear will
have a dual-wheel configuration. The nose gear will retract aft into the
fuselage. Each of the main landing gear will be a single-wheei configuration
and will also retract aft into the fuselage. Approximate tire dimensions are 25 in.
x 7 in. (diameter x width) for the nose and 45 in. x 17 in. for the main. These
dimensions are approximately 25% greater than the statistical equation
proposed by Reference (2). This dimensional increase is to account for the
harsh landing environment of the aircraft carrier. The 25% dimension increase
corresponds well with the tire sizes of current carrier aircraft.

g. Escape System

The Proposed RFP requires the installation of an all-crew ejection
system in the AEW aircraft. This requirement has resulted in many difficulties in
the design of the escape system. These difficulties are obviously the result of
the rotodome. An approximate trajectory of the aircrew on ejection is shown in

Figure 7 for three flight conditions. An ejection trajectory computer program was

23




written in MATLAB and is included as Appendix C. The parabolic
approximation is based on an ejection analysis presented in Reference (10).
The identical pair of trajectories represent the front seat and back seat ejections.
The diamond figure represents the location of the rotodome antenna.

It is obvious from the Figure 7 that the ejection system will result in
aircrew impact with the rotodome. A bottom or sideways ejection would require
development of a new ejection system, and obviously could not provide a 0/0
ejection capability. After an examination of various aircrew and rotodome
placements, it became apparent that with today’s technology, there are no safe
ejection alternatives with the rotodome installed.

Ejection of the rotodome prior to crew ejection also has significant
problems. The rotodome antenna alone (not including the supporting pylon
and shaft) weighs 2350 pounds. In order to get the crew out of the aircraft
quickly, the rotodome would have to be ejected with a typical acceleration of
approximately 12g’s. This would require a series of rockets that would have to
generate a combined force of over 28000 pounds. These rockets would most
likely have to be very large in order to provide such a force. It is unlikely that the
rockets would fit into a supporting pylon that is only approximately one foot
wide.

Additionally, it is obvious that the rockets would have to be directly
attached to the rotodome. This means they would rotate with the rotodome.
This means there would be no way to direct the trajectory of the rotodome,

because it must be ejectable at any time during the rotation. Therefore, the
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rockets would have to be of equal propulsive force. During certain flight
conditions, including a 0/0 ejection, the crew would still be in danger of ejecting

into the rotodome.
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Figure 7. Aircrew Ejection Trajectory

Ejecting the entire rotodome structure would eliminate the
controlled trajectory problem, but would generate other problems. Now the
rockets would have to generate a combined force of over 38000 pounds. The

rockets under the forward supports would most likely ignite the fuel in the fuel
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cells directly below. The resulting explosion would jeopardize the lives of the
aircrew during ejection.

Two final points are worth mentioning. First, the new technology
and the resulting developmental costs of ejecting a rotodome will likely be
enormous. Second, any further investigation into rotodome ejection should
necessarily include an examination of how the pitching moments about the

center of gravity are affected .

B. WEIGHTS, CENTER OF GRAVITY, AND MOMENTS OF
INERTIA
1. Weights
An evaluation of the AEW aircraft weight was performed using the
individual component equations given in References (1) and (8). A computer
program was written on MATLAB using the applicable equations. Many of the
equations represented individual weight components as a function of takeoff
weight. Since the determination of the takeoff weight was the ultimate objective,
the program uses a secant method iteration procedure to find the takeoff weight.
The weight program is included as Appendix D. In order to assure the accuracy
of the program, a weight analysis on the E-2C was performed. It was found that
the program prediction came within 300 pounds of the actual E-2C weight. The
program was then used to analyze the weight of the AEW aircraft. The
predicted weight was found to be approximately 53000 pounds which is

comparable to the E-2C weight and well within the maximum requirement of
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60000 pounds. The aircraft possesses a 7000 pound weight growth potential
for future avionics upgrades.
2. Center of Gravity and Moment of Inertia

Component weights calculated from the weight program were used to
approximate the aircraft's Center of Gravity (CG) and Moment of Inertia.
Component CG locations were approximated based on procedures set forth in
References (1), (2), and (8). Component Moment of Inertia values were
calculated in accordance with procedures set forth in References (2). The
component characteristics were used to calculate aircraft CG and Moment of
Inertia values. All calculations were performed on a computer program written
on EXCEL. The computer program was acquired from Reference (11). The
computer program and the results of this program are included as Appendix E.
An initial approximate CG location is 32.4 feet aft from 5 forward of the nose
(approximately 48.6% MAC), and 10.9 feet up from 5 feet below the fuselage.
More detailed CG and Moment of Inertia calculations will obviously be

necessary with future iterations of the design.

C. CARRIER SUITABILITY REQUIREMENTS
Carrier suitability dimensional requirements and the significant AEW

aircraft dimensions are shown in Table 5.
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TABLE 5. CARRIER SUITABILITY DIMENSIONAL COMPARISON

DIMENSION REQUIREMENT AEW AIRCRAFT
Max. Gross Weight 60000 Ibs. 53000 Ibs.
Max. Wing Span 82 ft. 72 ft.
Max. Height 18.5 f. 18.5 ft. (rotodome
retracted)
Max. Main Gear Width 22 fi. 20 ft.
Min. Tipback Angle 15 deg. 20 deg.
Max. Tipover Angle 54 deg. 52.5 deg.
Elevator Size Restriction 52 X 85 ft. 55 X 30 .
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IV. AERODYNAMICS

In order to get maximum effectiveness from an airframe and its propulsion
system, a thorough examination of the aircraft’s aerodynamic characteristics
during the design process is mandatory. This chapter will examine the design
decisions involved in selecting the AEW aircraft's airfoil and wing planform.
Additionally, the aircraft's lift curve slope and high lift devices will be discussed.

Finally, an analysis of the aircraft’'s drag characteristics will be presented.

A. AIRFOIL SELECTION

Because of the Proposed RFP requirements, the AEW aircraft will be
expected to operate under a variety of flight conditions. It must be able to cruise
at high subsonic speeds, loiter for long periods of time, and possess carrier-
suitable, slow flight characteristics. In order to meet these requirements, the
wing’s airfoil must possess several seemingly contradictory characteristics.
The airfoil should have a relatively high thickness ratio in order to increase
Clmax, increase benefit from high lift devices, decrease weight, and increase
wing fuel storage capacity. If the wing is too thick however, the drag divergent

Mach number (Mgyq) will be too low to satisfy the high speed dash requirement.
An increase in Myq could be accomplished through an increase in wing sweep,

but this generates additional problems which will be discussed in the next

section. The airfoil must also have a high Clmax for the loiter and landing
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phases of flight. Most high speed airfoils however, are not known for their high
Clmax values. Finally, the airfoil's thickness distribution should be investigated
in terms of its skin friction drag characteristics. As Reference (12) notes, a
maximum thickness that is close to the trailing edge results in a more favorable
pressure gradient on the forward portion of the airfoil. This helps create more
laminar flow which results in reduced skin friction drag. It should be noted
however, that an aft maximum thickness can cause poor pressure recovery
characteristics at high angles-of-attack.

Based on the above requirements, it became clear that a supercritical
airfoil was necessary. A supercritical airfoil is characterized by a relatively flat
upper surface, and a maximum thickness located near the trailing edge. It also
has a relatively blunt leading edge, and it is cambered at the aft portion of the
airfoil. Reference (13) notes that for a given thickness ratio, the supercritical
airfoil has a higher Mgq than conventional airfoils. This allows a thicker wing
and less wing sweep. Additionally, the supercritical airfoil has a much higher
Clmax than a comparable conventional airfoil. Finally, the thickness distribution
and the trailing edge upper and lower surface tangency results in a more
favorable pressure gradient. The aft maximum thickness of the supercritical
airfoil does not result in pressure recovery problems, because the camber is
accomplished primarily by the lower surface. This allows the upper surface to
remain relatively flat.

It should be pointed out that use of a supercritical airfoil will not be without

its difficulties. First, the very thin trailing edge could prove to be a structural and
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manufacturing problem. Second, although the original supercritical airfoil was
designed in 1965, development and testing of an entire family of supercritical
airfoils has been relatively recent. Because supercritical airfoils are relatively
new technology, development costs may be high. Finally, the aft camber of the
airfoil will result in large negative pitching moments. Despite the potential
difficulties however, the supercritical airfoil shows the most promise in terms of
satisfying the requirements of the Proposed RFP.

Initially it was hoped that an airfoil with a thickness ratio of 0.14 could be
used for on the aircraft. Even with some compromise in the wing sweep, it soon
became evident that a lower thickness ratio would be necessary in order to
reach an acceptable Myy. Experimental data presented in Reference (14)
shows that at a thickness ratio of 0.12 and a design C! of 0.7, the airfoil Myq is
approximately 0.76. A moderate wing sweep should permit reasonably low
drag characteristics at the design cruise Mach number of 0.78.

After an evaluation of the family of NASA supercritical airfoils, it became
clear that the best airfoil for the required mission was the NASA SC(2)-0712.
This airfoil is shown in Figure 8. The airfoil's coordinates are reproduced from
Reference (14), and is included as Appendix F. An explanation of the NASA

supercritical airfoil designation system is presented below.

!SC(2)| -703,12!

Supercritical phase 2. Design lift Thickness
There are currently 3 coefficient Ratio
phases of airfoil designs. (tenths) (hundredths)
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One of the biggest difficulties in selecting an airfoil was in obtaining the
specific airfoil characteristics. Because of the relatively new technology, there is
no compiled source of information for supercritical airfoils (such as Reference
(15) for conventional airfoils). The three sources that provided most of the
information on the airfoil were References (14), (16) and (17) . Airfoil

characteristics are presented in Table 6.
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Figure 8. NASA SC(2)-0712 Airfoil

TABLE 6. NASA SC(2)-0712 CHARACTERISTICS
¥y C'oz C'max S max Cmo
-4.37 deg. | 0.08557/deg. 2.0 19 deg. -0.14
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B. PLANFORM DESIGN

Given the target cruise Mach number of 0.78 and the relatively thick airfoil,
it was clear a planform with significant wing sweep would be required. Too
much wing sweep however, generated numerous problems including a
decrease in CLmax and CL.., increased wing weight and decreased wing fuel
volume. Selection of the previously mentioned airfoil was made only after it
was determined that a relatively high Mg4 could be attained with a modest wing
sweep.

Figures 9 and 10 show the results of trade studies conducted to graphically
iflustrate the parameters involved in planform design and airfoil selection.
Figure 9 shows Mgyq as a function of thickness ratio with varying sweep. Figure
10 shows how thickness ratio and wing sweep affect wing weight. The results
of these parametric studies were used to select the optimum planform design
and airfoil thickness. With an airfoil thickness ratio of 0.12, a leading edge wing
sweep of 21 degrees is the optimum choice considering all the parameters
involved. This results in a wing Myq of 0.81.

With the leading edge wing sweep selected, the focus of attention was then
directed to the trailing edge sweep. A trailing edge sweep of 6.5 degrees was
selected for a first iteration. The relatively small sweep will insure efficient use
of flaps and aileron control surfaces. The flatter trailing edge sweep also allows
an increase in wing area and wing fuel volume. With a wingtip chord length of
four feet selected as a first iteration, and the above planform characteristics, a

wing area of 639 ft2 was calculated.
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Another consideration in the planform design was aspect ratio. It was clear
that in order to satisfy aggressive loiter requirements, a high aspecf ratio would
be necessary. For a given wing area, this would mean a larger wing span. Too
large a wing span causes two problems however. First, it would result in line-up
difficulties during carrier landings. Second, the large wing span would result in
signal interference with the rotodome antenna, degrading radar performance.
The selected wing span of 72 feet results in a aspect ratio of 8.11. The resuiting

maximum L/D ratio is 16.

C. LIFT CURVE SLOPE

With the selection of the wing planform design, a calculation of the wing’s
lift curve slope was then possible. Calculations were done in accordance with
the procedures set forth in References (1), (2) and (18). The lift curve slopes for

three flap settings are shown in Figure 11.

D. HIGH LIFT DEVICES
In order to make landing speeds siow enough to meet the Proposed RFP

carrier suitability requirements, a CLmax Of approximately 3.0 is required. To
accomplish this, double slotted flaps are necessary. In accordance with the
procedures set forth in Reference (2), ACLnqax and Ao, values were calculated.
A maximum A CLnax was calculated to be 0.98.

Two design characteristics that will help increase CLnax with the flaps

down should be mentioned. First, engines should be situated on the wing so
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that engine exhaust will flow through the slotted flaps. Second, use of a aileron

droop system with the flaps will help increase the CLnax of the entire wing.
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Figure 11. AEW Lift Curve Slope

E. PARASITIC DRAG CALCULATION
Parasitic drag (CDo) calculations were performed in accordance with

procedures set forth in Reference (18). A CD, computer program was written in

MATLAB and is presented in Appendix G. A CD, of approximately 0.0205 was
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computed by the program. This CD, value will be used to calculate a drag polar

for the AEW Aircraft.

F. DRAG POLAR

The AEW drag polar was computed assuming CD as a parabolic function
of CL. A first iteration efficiency factor of 0.8 was assumed. Aiso, thé previously
determined aspect ratio of 8.11 and CD, of 0.0205 were used in the equation.
A drag polar for the AEW aircraft in the clean configuration is shown in Figure

12.

0.5

Figure 12. AEW Drag Polar
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V. PERFORMANCE

This chapter will present the results of a preliminary performance analysis
conducted for the AEW aircraft. This analysis was primarily performed using a
computer program written in MATLAB. The program is presented in Appendix
H, and also includes some aerodynamic calculations such as Coefficient of
Drag (Cp) and Lift-to-Drag ratio (L/D). A Takeoff and Landing computer
program is also included in Appendix H. Performance calculations were done in
accordance with References (1) and (19). The equations in the programs are
denoted with the equation number from the appropriate Reference. For all
performance characteristics, it has been assumed standard day uniess
otherwise noted. Additionally, ail results were generated for the clean
configuration, with the obvious exceptions being the takeoff and landing phases

of flight.

A. Takeoff and Landing

Because of the angle between the aft landing gear, the vertical stabilizers
and the ground (see Figure 6), it is necessary to limit aircraft rotation to no more
than 18 degrees. This angle of rotation is sufficient however, because the
typical rotation on takeoff is approximately 10 degrees. References (1), (2) and
(19) provided schematics and distance equations necessary for takeoft and

landing. Takeoff and landing schematics are shown in Figures 13 and 14, and
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are reproduced from Reference (1). Takeoff and landing distances are shown

in Tables 7 and 8.

Figure 13. Takeoff Schematic [Ref. 1]

TABLE 7. TAKEOFF DISTANCES

v—

Takeoff Distances ~ Standard Day Hot Day (90°F)
Sg (ft) . 1390 1378
Sa () 555 555
Strto 50° (ft) 888 888
570 otal (1) 2833 2821

39




Vv
~_Jo

¢

IIAS 7777777777877 7 7R 777 77777777777 /7777777777

Sg

Figure 14. Landing Schematic [Ref. 1]

TABLE 8. LANDING DISTANCES

Landing Distances Standard Day Hot Day (90°F)
Sa to 50 (ft) 1354 1350
Skr (ft) 155 165
“Sg (ft) 1982 2317
St total (1) 3491 3832

B. Thrust Required

The thrust required for the AEW aircraft at three altitudes between sea level

and 35,000 feet are shown in Figure 15. The calculated thrust required curves

were used to generate other performance characteristics such as power

required and rate of climb.
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Figure 15. AEW Thrust Required

C. Power Required and Power Available

AEW Power Required and Power Available Curves at sea level, 15000 ft,
and 35000 ft are shown in Figures 16, 17 and 18. Note that two power
available lines are shown on each graph. The solid line represents the power
available predicted by simple theory. The dashed line is a result of the
ONX/OFFX computer program obtained from Reference (7), and is thought to
represent a more realistic power available curve. It is clear that the two
theoretical predictions agree only until approximately M=0.4. With increase in

speed, the difference between simpie theory and ONX/OFFX becomes quite
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significant. This is important because power available directly relates to excess
power which in turn is instrumental in defining other performance characteristics
such as rate of climb and maximum Mach number in level flight. Note also that

the power required due to drag divergence is not included in this analysis.
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Figure 16. Power Available and Power Required at Sea Level
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Figure 18. Power Available and Power Required at 35000 Feet
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D. Climb Performance

AEW Rate of Climb at sea level and 15000 feet is shown in Figﬁre 19. Rate
of Climb plots were generated at various altitudes until a service ceiling (rate of
climb < 100 fpm) was found. A plot of the climb rates vs. altitude is presented in
Figure 20. It was determined the AEW aircraft will have a service ceiling of
approximately 38260 ft. Although a service ceiling was not specified in the
Proposed RFP, this ceiling is sufficient to perform the AEW mission. It is
approximately 1660 feet higher than the service ceiling of the E-2C. Also note

that the AEW aircraft has an absolute ceiling of 38600 feet.
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Figure 19. AEW Climb Performance at Sea Level and 15000 Feet
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Figure 20. Absolute and Service Ceiling Determination

E. Range and Endurance

Range and Endurance predictions are shown in Figures 21 and 22
respectively. Both predictions are made using the Breguet equations obtained
from Reference (19). The Range and Endurance plots are shown with variation

in velocity at 35000 ft.
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Figure 21. AEW Range at 35000 Feet
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F. ACCURACY OF PERFORMANCE ANALYSIS

As with any analysis, it is important to examine the :asuits of the
performance analysis based on past experience and on historical trends of
similar aircraft. In other words, “Are the results of this analysis reasonable?”

Based on historical trends of aircraft performance, it is clear that the climb
performance (Figure 19) is far too optimistic. Based on the described design of
the AEW aircraft, it is very unlikely that it would be capable of climbing at nearly
12000 fpm at sea level. One possible explanation for this performance is too
large a T/W ratio. It is unlikely however, that this is a significant part of the
problem. According to this analysis, even if the AEW aircraft's T/W ratio was half
the current ratio of 0.46, the aircraft would still climb at sea level at 6000 fpm.
This is clearly unreasonable. Two other possible explanations of the optimistic
climb performance are immediately apparent. First, the predicted CDo of may
be far too optimistic. The CDo analysis does not account for interference drag.
As a result, the actual CDo is usually higher than the predicted value. This
difference might be significant on the AEW aircraft which probably has
substantial interference drag. It should be noted that the CDo of the E-2C is
0.0375 which 1s far higher than the predicted AEW CDo of 0.0205. Second, the
actual lifting efficiency may be lower than the preliminary estimation. A more
accurate analysis of the aircraft’s aerodynamic characteristics will be possible
only after Computational Fluid Dynamics (CFD) analyses, or wind tunnel tests

are performed.
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The results of the Range and Endurance analyses (Figure 21 and 22) are
also unreasonably optimistic. Because both the fuel capacity (14000 Ibs.) and
the TSFC (0.33) are reasonable, it is likely that the aforementioned

explanations would account for the unrealistic range and endurance results.
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VI. STABILITY AND CONTROL

In order to understand what the handling qualities of the AEW aircraft might
be, a stability and control analysis of the aircraft is necessary. The purpose of
this chapter is to provide a conceptual analysis of the stability and control
characteristics of the aircraft. It is important to note that this analysis is a very
rough approximation. Some of the parameters are the result of design
approximations presented in previous chapters. QOther parameters are
impossible to predict accurately without the use of wind tunnel testing. In these
cases, the value of the parameter was selected based on similar existing aircraft
and past experience.

The analysis was performed at three mission-relatable flight conditions.
The flight conditions are: 1) M= 0.2 at sea level, 2) M = 0.48 at 35000 feet and 3)

M = 0.76 at 35000 feet.

A. STABILITY AND CONTROL DERIVATIVES

The stability and control derivative analysis was performed in accordance
with References (8), (18) and (20). A stability and control computer program
was written in MATLAB and is included as Appendix I. The analysis assumes
no aeroelastic effects of the aircraft. All derivatives have the units of rad-1.

Finally, any effects of thrust have been neglected in this analysis. The stability
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and control derivatives for the AEW aircraft are show:: in Table 9, along with an

E-2C comparison at M=0.4 and 30000 feet.

B. DYNAMIC ANALYSIS

The dynamic analysis was performed in accordance with Reference (20).
A dynamic modes computer program was written in MATLAB and is included as
Appendix J. The analysis assumes small perturbation, linear theory. Results for
the Short Period and Phugoid (or Long Period) modes are approximated to
second-order systems. Any effects of thrust have been neglected in this
analysis. The dynamic modes for the AEW aircraft are shown in Table 10.

The short period natural frequency (Wn) and damping ratio (Z) are

approximated in Reference (20) as:

Wn=V ((Z.. *Mq)/uo)-M..) (1)
Z=-(Mq+M(~ dot)+Z.. /ug)/(2*Wn) (2)

A representative example of the dynamic modes is graphically presented in
Figure 23. The figure shows the short period mode at the three flight
conditions. All three primary modes have similar characteristics. They are ali

relatively lightly damped with very long periods and small amplitudes.
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TABLE 9. AEW STABILITY AND CONTROL DERIVATIVES

DERIVATIVE | M=0.2 at M=0.48 at M=0.76 at E-2C
S.L. 35K 35K Comparison
Cl. 48220 5.1700 6.2500 6.970
Cm.. -1.1814 -1.2666 15312 -0.450
CL( dot) 11172 12475 1.6497 6.160
Cm(.. dot) -2.3556 -2.6304 -3.4785 -8.300
Cig 5.8328 6.6205 91761 11.43
Cmq -7.8521 -8.7682 -11.5949 21.27
CIB -0.1279 -0.1307 -0.1273 -0.0915
CnB 0.0576 0.0571 0.0560 0.0763
CyB -0.5877 -0.5877 -0.5877 -0.9680
CI(B dot) -0.4781 0.0553 0.7729 Not Avail.
(1.0e-03%)
Cn(B dot) -0.0025 0.0002 0.0020 0.0220
Cy(B dot) -0.0065 0.0005 0.0056 -.0601
Clp -2.4765 -2.5993 -2.8140 -0.4200
Cnp 0.1319 0.0764 0.0291 -0.0732
Cyp 0.0023 -0.0235 -0.0406 0.1119
CIr 0.4717 0.3620 0.2667 0.2580
Cnr -0.0855 -0.0848 -0.0833 -0.1236
Cyr 0.2470 0.2459 0.2437 0.3180
Cl éa 0.5429 0.5361 0.5226 0.0697
Cnda -0.0775 -0.0447 -0.0174 -0.00593
Cyéa 0 0 0 Not Avail.
Clae 0.2968 0.3314 0.4383 0.644
Cmae -0.6258 -0.6988 -0.9241 1670
Clar -0.0024 0.0267 0.0609 -0.0381
Cngr -0.2509 -0.2789 -0.3655 -0.2202
Cyar 0.7426 0.8292 1.0965 0.5760
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TABLE 10. AEW DYNAMIC CHARACTERISTICS

DYNAMIC MODE [ M=0.2 at S.L. M=0.48 at 35K M=0.76 at 35K
Short Period
-Roots -0.0177+ -0.0061% -0.0078%
0.0521i 0.0304i 0.0334i
-Wn, 0.0550 0.0310 0.0342
Z2 0.3221 0.1950 0.2273
-Wd; 0.521 0.0304 0.0334
-Period (sec) 121 206 188
Long Period
-Roots -0.0004% 1.0e-03 * 1.0e-03 *
0.0039i -0.0314+ -0.0111+
0.7165i 0.2859i
-Wn, 0.0040 0.0007 0.0003
-Z2 0.0930 0.0438 0.0389
-Wd; 0.0039 0.0007 0.0003
-Period (sec) 1595 8770 2198
Dutch Roll
-Roots -0.0162+ -0.0062+ -0.0064%
0.1554i 0.0890i 0.0901i
-Wn, 0.1562 0.0892 0.0903
Z2 0.1035 0.0698 0.0704
-Wd, 0.1554 0.0890 0.0901
-Period (sec) 40 71 70
[ Roll Response .
-Root -1.7652 -0.5727 -0.6194
Spiral Mode
-Root 0.0004 0 0

Notes: 1-Natural Frequency
2-Damping Ratio
3-Damped Frequency
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Figure 23. Short Period Response

C. ACCURACY OF STABILITY AND CONTROL ANALYSIS

One of the advantages of the dynamic analysis is that the final results (i.e.,
damping frequency and period) are directly relatable, and easily
understandable, handling characteristics. The accuracy of these characteristics
can be qualitatively evaluated based on historical trends and past experience.
The accuracy of the dynamic characteristics are directly related to the accuracy
of the stability and control derivatives, because the derivatives are used in the
dynamic analysis.

The results of the dynamic analysis are clearly unreasonable. The most
obvious discrepancy is in the periods of the three primary dynamic modes (short
period, long period, and dutch roll). Short period and dutch roll periods for an

aircraft of this kind typically range from 2 to 8 seconds. Obviously, values
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ranging between 40 and 206 seconds are unreasonably targe. The fong period
values between 1595 and 8770 seconds are also unreasonably large. l.ong
period values for an aircraft of this kind are typically about 120 seconds. Also
note the very lightly damped frequencies of all three primary dynamic modes. |t
IS unreasonable that these modes would be so lightly damped. and is
inconsistent with historical trends.

Many of the stability and control derivatives appear unreasonable as

compared with the E-2C. The most unrealistic AEW derivatives include Cm..,
CL(~ dot), Cm(~ dot), Cmq, and Clp. This would naturally cause unreasonable

dynamic resuits. The short period approximation equations are shown on

page 50. Since Cm.. and Cmq are inaccurate, this will result in an unrealistic
natural frequency. Also, since Cm(.. dot) and natural frequency are inaccurate,

this causes an unrealistic damping ratio. Poor initiai assumptions are the most
likely cause of the unrealistic derivatives. Some inputs were impossible to
accurately predict within the scope of this research. Such inputs include the
downwash gradient at the horizontal tail, Cmo, and the moments of inertia. One
primary conclusion can be drawn from this analysis. Although the method for
attaining stability and control derivatives in Reference (18) is extremely
detailed, truly accurate stability and control derivatives can only be acquired
from wind tunnel tests on a scaled model. Because most of the unrealistic
derivatives are longitudinally related, any follow-on research should include a

thorough re-examination of the longitudinal analysis.
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Vil. CONCLUSIONS

A. ACCURACY

Because this thesis presents the resuits of a conceptual design, the
aircraft's characteristics are by their very nature, a first iteration only. Future
studies of the AEW aircraft must necessarily include wind tunnel tests of a
scaled model. Reasonably accurate values of many of the aircraft’'s parameters
can only be obtained through wind tunnel tests.

One of the genuine benetits of this research was the many computer
programs that were generated. As the design process for this (or any other)
aircraft continues, these programs can be used to obtain more accurate results

through the input of more accurate parameters.

B. EXISTING ROTODOME/AVIONICS

Before the design of this aircraft proceeds beyond the preliminary design
stage, consideration must be given to the use of new airborne detection
technologies. Based on historical trends, it is likely that the integration of the
E-2C’s detection system into a new airframe will be difficult. The result would
be an increase in both developmental and life cycle costs. Although new
detection technologies such as a phased-array radar may be costly to develop,

the benefits and the life cycle costs must be investigated.
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C. SUPERCRITICAL AIRFOIL

Use of supercritical airfoils on aircraft is a relatively new technology that
should be explored further. The airfoil appears to be ideaily suited for aircraft
that must operate in the transonic regime, and display aggressive endurance

characteristics.

D. POSSIBLE PROBLEM AREAS
1. Escape System

Within the scope of this design effort, no satisfactory ejection system
could be determined. The obvious hinderance to a viable ejection system is
use of the existing rotodome antenna. Difficulties in developing a viable
gjection system will most likely occur, regardless of the system, as long as a
conventional rotodome antenna is used. A conventional early warning phased-
array radar system for example, would be approximately the same size as the
current antenna. The difficulties in ejection therefore, would be similar. Ejection
of the aircrew would be much more successful with an antenna that is not in the
form of a rotodome but within the wings and body of the aircraft. This would
necessitate the use of a phased-array radar system, and therefore, would be
costlier to develop. Before a formal AEW RFP is developed. a clear decision
will have to be made on the aircrew escape system issue, and the resulting

impact on the radar system.
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2. Divergent Drag Mach Number (Mqgg)

Although the wing Myg of 0.81 is high enough to operate in the required
regime, future studies should include an analysis of the drag penaities of other
aircraft parts in this transonic range. Emphasis should be placed on the
fuselage and the rotodome antenna. The relatively wide fuselage and blunt
nose may cause significant drag penailties at the target high-speed dash Mach
number of 0.78. With a thickness ratio of 0.3, the rotodome antenna is also
likely to have a Mgyq far below the required operating range. It may, of course,
require transonic wind tunnel tests to verify how significant these drag penalties
are.

3. Horizontal Tail Effectiveness

It can be seen from Figure 6, that the horizontal tail is directly behind
the wing and rotodome support pylon. The aerodynamic disturbance created
by the wing and pylon could result in the loss of horizontal tail effectiveness
under some flight conditions. This can only be verified however with wind
tunnel tests of a scaled model, or by a CFD analysis.

4. Wingfold System

Another area of difficulty could be in the wingfold system. Because a
double-wingfold system is new technology, developmental costs may be high.
The double-wingfold will be an engineering challenge to both the structures
and the flight control design teams. It should be pointed out that if an aircraft

design employs a phased-array radar system with a non-conventional antenna
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such as the one previously mentioned. the need for a double-wingfold system

might be eliminated.

E. RECOMMENDATIONS

Within the scope of this research, the design of an AEW aircraft using the
existing rotodome and avionics should be abandoned. Use of the rotodome will
negatively affect the aircraft’s normal and emergency operations. Considering
all factors involved, it is unlikely there will be substantial savings using the
existing rotodome and avionics.

Future aircraft designs should include integration of a phased-array radar
system. This system offers the flexibility needed for an aircraft required to
possess ejection and wingfold systems. Reference (21) provides an example of
such a design. The aircraft, called the Boeing EX, is shown in Figure 24. A
comparative analysis of the Boeing EX and the AEW aircraft is provided in
Table 11. It is clear from the Figure 24, that the phased-array radar system
allows for more flexibility in the design process, and eliminates the

aforementioned ejection and wingfold problems.
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Figure 24. Boeing EX [Ref. 21}

TABLE 11. AIRCRAFT COMPARISON

CHARACTERISTIC BOEING EX AEW AIRCRAFT
Overall Length 51.2ft. 55.0 ft.
Wing Span 63.3 ft. 720 ft.
Wing Area 845 sq.ft. 639 sq. ft.
~ Design Mach 0.76 0.78
“Takeoff Weight 55200 Ibs. 53000 Ibs
TW 0.34 0.46
Antenna Mounted in Wings Existing Rotodome
“Ejection Capability Yes No
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In conclusion, it must again be emphasized that this analysis was the first
iteration on a conceptual design only. Therefore, the scope of the research was
limited. A more complete analysis is only possible after an entire design team

is assembled.
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APPENDIX A

AEW AIRCRAFT DESIGH
HAVAL POSTGRADUATE SCHOOL

PROJECT OBJECTIVES

The object of this design study is to perform the necessary trade
studies required to define the most cost effective, low risk
airframe configuration capable of meeting future airborne early
warning (AEW) requirements in the 21st century. The mission is a
deck-launched high speed dash, low speed loiter at 20,000 to 35,000
feet altitude and return. The goal is to select the greatest high
speed dash Mach number consistent with the maximum range and loiter
requirements that will provide a carrier suitable aircraft. The
alrcraft will have ejection capability provisions for all members
of the four to six member aircrew. A fanjet (no turboprops) power-
plant will provide aircraft propulsion. The EX configuration must
exhibit low initial purchase cost and low life-cycle cost.
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MISSION DEFINITION

DECK LAUNCHED SURVEILLANCE: The total mission cycle time (quadruple
cycle) is desired to be at least 7 hours 30 minutes (with one re-
fueling) plus reserves with a minimum acceptable cycle time (tripie
cycle) of 5 hours 45 minutes (no refueling) plus reservps.

1.

10.

11.

For taxi, warmup, takeoff and acceleration to M=0.3; fuel
allowance at sea level static thrust 1Is equal to =&
minutes at Intermediate thrust (no afterburner).

Acceleration: Maximum power acceleration from M-0.71 tn
begt rate of climb speed at sea level.

Climb: Best rate of climb to optimum cruise atltitude for
design cruise Mach number.

Cruise: Cruise-out (high speed dash at H=0.7-0.8%5) at
design Mach number at optimum cruise altitude.

Turn: 3g sustained desired; 29 sustained minimum at the
weight corresponding to the end of cruise-out.

Loiter: Conduct surveillance at maximum endurance fliqght
condition for minimum of 4 hours 30 minutes (200 nm

station, no refueling).

Descent: Descend to best return cruise altitude (no time,
distance or fuel used allowances).

Cruise-back at optimum altitude and best cruise Hach
number.

Descent: NDescend to sea level (no time, distance ar fuel
used allowances).

Land.

Reserves: Fuel allowance equal to 20 minutes loiter at
sea level at speed for maximum endurance plus 5% of

initial total fuel.
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WEIGHT:

CREW:

AVIONICS:

SELF DEFENSE:

1.OAlD FACTOR:

CARRIER
SUI'TABILITY:

DESIGH CRITERIA
The maximum takeoff gross weight will be 60,000 1bh,.

The aircraft will have an aircrew of from four to
six members, Including a single pilbt. A weight
allowance of 230 1b, is required for crew members

and his/her equipment.

Design an optimal configuration of flat phnel dis-
plays for tactical cockpit operation. Hominal dis-
play sizes for consideration are 6x8, 8x8, 13Ix13,
Ix5, 6x6 and 4x4. Determine any other feasible
sizes. Architecture for the operation of the dis-
plays should not be of concern. Recommend (trade
study result) the best possible combination of
displays based on the need for the pilot to control
the aircraft during takeoff, landing and on-station
flight: consider also the best display combinatjons
based on viewing and interactions with tactical

displays.

Data/graphics displayed on a panel of any qgiven
size should be interchangeable with any other panel
of the same size. Consideration must be given to
supportability (e.g. availability of display sizes
in other alrcraft communities) and to wminimizing
clutter. Recommend screen formats for the transfer
of as many discrete functions and indicators as
possible to flat panel displays. Use the existing
24 foot rotodome.

Presume that a future missile would be the size of
a compressed carriage AIM-7 Sparrow and would weigh
500 1lb,. Two missiles are required. A chaff and
flare launcher is required. Provide two wet wing

stations.

3g sustained is desired:; 2g sustained minimum at
the weight corresponding to the end of cruise-out.

Compatibility with CVH-68B carriers and subsequent
implies the following criteria:

1. MK-7 mod 3 arresting gear,

2. C13-1 catapults.

3. 130,000 1b, maximum elevator capacity (aircraft
plus loading plus GFE).

4. 85x52 foot elevator dimensions.

5. 57 feet 8 inches minimum station "o" to JBD
hinge for MK-7 JBD locations.

6. 18 feet 9 inches minimum from tailpipe to Jnn

hinge.
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LAUHCH:

ARREST:

HWAVE-OFF:

POWER PLANT:

COCKPIT:

IN-FLIGHT
REFUELING:

STRUCTURE:

SELF-DEFENSE
CAPABILITY:

GROWTH :

CcCOosT:

GEUERAL:

7. Maximum, unfolded span of 82 feet.

8. 22 foot maximum landing gear width.

9 25 foot maximum hanger deck height except
under VAST stations in the forward part of the
hanger where the clearance 1is 17 feet 6
inches. The maximum folded height of the
aircraft should not exceed 18.5 feet.

Launch wind-over-deck (WOD) should not exceed zero
knots operational. Operational is minimim plus 15
knots. Assume a 5 knot Iimprovement on the C13-1
catapult.

Arresting wobD should not exceed zero knots. Assume
a 5 knot improvement on the MK-7 mod 3 arresting
gear. Approach speed for WOD calculations is 1.05
times V approved.

For multi-engine aircraft, a minimum wave-off rate
of climb of 500 feet per minute, with one cenqgine
inoperative, shall be available.

Fan Jjets (perhaps, upgraded TF-34 engines). Ho
TURBOPROPS.
High visibility cockpit is required for pattern

work at ship.

The alrcraft must have an in-flight refueling

capability.

The airframe structure must accommodate DIRST.

The EX aircraft must have a self-defense capability
[derived from complete (survivability, vulner-
ability and susceptibility) studles}.

considerable

The structure must be capable of
production

weight growth beyond the initial
configuration (at least 4,000 1b,).

Low purchase cost and low life-cycle cost is highly
desirable. Assume a total buy of 50 aircraft.

maintain-

Attention shall be given to quality,
concurrent

ability, manufacturability and
engineering issues.
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APPENDIX B

XThis Is a constralnt analysis progrom shich Is designed to plot various f1ight
Xconditions as a function of thrust-to-seight rotio (Tsi/Uto) ond wing joading

%(Uto/S).Thie program incorporates diffsrent cases shich corresponds to
tdifferent flight conXditlions. Each case wlll be seperated with a dashed !ine.
fthis program |s based on the materlal covered In chapter 2 of Hattingiy's (et
%al) alrcraft engine design book. All equations are from HottlIngly unless
fspecifically stated othersise.

2Tsl/Uto sitl henceforth be known as TH. Uto/S wii!l be knoen as US,

f0perat lve equation,
STUW/US=(B/a)*({q*S/(B*Y) ) *(K1*(n*B*U/(q*S) ) ~2+K2*(n*B*U/(a*S))+C0o+R/(q*S) ) +1/U%d
/dt%(h+U~2/(2%*go))) (eqn. 2-11)

%A parabolic drag polar Is assumed. Thersfore K2=0 throughout.

XCase 1:Constant Alt./Speed Crulse. High Speed Dash @ H=0.78 & h=30K ft.
Xdh/dt=dV/dt=0. Constant altitude & no acceleration,

ni=1;%normal g loading

A1=0;%Additlonal drog. Resused zero throughout

K2=0;%0rag Curve constant

B1-0.905;%Uelight Fraction

K11=0.06;%0rog Curve constant. Obtalned from Hicolal page E-7.
P1=2116%.2360;%Pressure at 35K ft.

H1=0.78;%1ach Husber

CDol=,0345;%Drag coefficient at zero |1ft (approximate)
ql=(1.4/2)*P1*M1~2;:XDynanic Pressure

RR1=0.3106;%Density ratlo at 30K ft,
at=(0,568+0,25%(1.2-H1)~3)*AR1~0.6;%Installed full throttle thrust fapse for a
high bypass turbofan (eqn. 2-42)

Ti=|;%counter

for US1=20:5:140;%the range of eing loading

USIH(T1)=USY;

TUI(T1)=(B1/a1)*(K11¢B1*US1/ql +K2+CDo1/(B1*US1/qt) ) ;Xthe resulting T/U ratlo.
fean 2.12

Ti=T1+1;%counter

end

USlo=ql/Bl*sqrt (CDo!/K11);XThe mininun /S for case 1.
THlo=(B1/a1)*(K11*BI*US10/q1+K2+4CDo1/(B1*US10/q1)):%The minimum T/U for coss |

fCase fe: Haximum Endurance @ 35K ft.

nfe=1;%normal g loading

Bl1e=0.8;%Ueight Fraction

K118=0.045;%Drag Curve constant.Obtained from Nicolal page E-7.

Hle=0.45;%Hach Number

ale=(1.4/2)*P1*116~2;%0ynanic Pressure
ale=(0.568+0.25%*(1.2-H1e)*3)*AR1~0.6;%Installed full throttle thrust lapse for a
high bypass turbofan (eqn. 2-42)

T1=1:%counter
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for US1e=20:5:140;%the range of wing loading

HS1aH(T1)=USte:
TUle(T1)=(Blo/ale)*(Ki1e*Ble*lSIe/qle+K2+CDo1/(Ble*liSle/qle));Xthe resuiting T/U
ratio. eqn 2.12

Ti=Tt+1;:%counter

end

UStoe=qle/Bletsqrt (CDol/K11e) :XThe minimum U/S for case le
TUto=(Ble/ale)*(K11e*Ble*lIS1on/qle+K24C001/(Bl1e*USl0e/qle)) :XThe minimum T/U for
case le

fCase 2:Constant Speed Climb. This Is o “snapshot” of the cllimb only. Taken at
fan assumed TAS=330 fps, NH=0.41, 815K ft. w/ on assumed dh/dt of 4000 fon.
2dU/dt=0;

n2=1:%normal g loading

R2=0;%AddItlonal drag. Assumed zero throughout

P2=0.5646%*2116.2;%Pressure at 15K ft.

U=433;%Velocity

dhdt=67;%Rate of Clinb (ft/s)

H2=0.41;%Hach Nuaber

B2=0.975;%Ueight Fraction

K12=0.05;%Drag Curve constant.Obtalned from Hicolal page E-7.
q2=(1.4/2)*P2*12~2;%Dynanic Pressure

CD02=0.0345;%Drag coeffliclent at zero |1ft

RAR2=0.6295;%Dens ity ratlo at 15K ft.
02=(0.568+0.25%(1.2-H2)"3)*AR2~0.6:XInstalled full throttie thrust lapse for a
high bypass turbofon (ean. 2-42)

T2=1;%counter

for HS2=20:5:140;%the range of wing loading

us21(12)=us2;
TH2(T2)=(B2/a2)*(K12*82*11S2/q2+K2+C002/(B2*NS2/q2) +1/VU*dhdt ) ;Sthe resulting T/U
ratlo. eqn 2.14

12=72+1;%counter

end

1i520=q2/B2%*sqrt (CD02/K12);:%The ainisun U/S for case 2
TW20=(B2/a2)*(K12*B2*US20/q2+K2+C002/(B2*1S20/q2) +1/U*dhdt ) ;X The minimum T/U for
case 2

fCase 3:Constant Alt./Speed Turn. Sustalned g turn.
2dh/dt=dV/dt =0

n3=2:%normal g loading

R3=0;%AddItlonal drag. Assused zero throughout
P3=0,4599*2116.2;%Pressure at 20K ft.

B3=0.85;%Uelght Fractlon

K13=0.045;%0rag Curve constant. Obtained from Nicolal page E-7.
K2=0;%0rag Curve constant

H3=0,46;%Nach NHumber

CDo3=.0345:%Draq coefflclient at zero |Ift
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q3=(1.4/2)*P3*N3"2;%Dynanic Pressure

AAJ=0.3332;%Density ratlo at 20K ft.
a3=(0.566+0.25%(1,2-13)"3)*AR30.6;%Instal led full throttle thrust laopse for a
high bypass turbofan (eqn. 2-42)

T3=1:%counter

for 1S3=20:5:140;%the range of wing loading

HS3N(T3)=Us3;

THI(T3)=(B3/03) *(K13*n3"2*BI*USI/qI+K2*nI+C003/(B3I*1IS3/q3) ) ;Xthe resulting T/U
ratlo. eqn 2.15

13=13+1;Xcounter

end

HS30=q3/B3*aqrt (CD03/K13);XThe minlmum U/S for case 3
TH30=(B83/a3)*(K13*n3*2*BI*NSI0/q3+K2*n3+CD03/(BI*NSI0/q3) ) ;XThe minimun T/U for
case 3

XCase 4:Horlzontal Acceleration

fdh/dt=0;constant altltude

ni=1;%normal g loading

R4=0;%AddIt ional drag. Assumed zero throughout

Ul=400;%Initlal velocity.

Uf=776;%FInal velocity.

dt=300;%Time for acceleration (iIn seconds)
P4=2116.4%0.2360;XPressure at 35K ft.
dUdt=(Uf-Ul)/dt;%Rccelerat ton

B4=0.05;%eight Fractlon

K14=,055;%Drag Curve constant. Obtalned from Hicolal page E-7.
K2=0;X%Drag Curve constant

H4=.50;8Hach Number.A "snapshot” In the middle of the run
CDo4=.0345;%Drag coeffliclent at zero IIft
9=32.17;%Acceleratlon due to gravity (ft/sec)
q4=(1.4/2)*P4*14°2;XDynanic Pressure

AR4=.3106;%Density ratlo at ISK ft.
a4=(0.568+0.25%(1.2-14)~3)*AR4°0.6;%Installed full throttlie thrust lapse for a
high bypass turbofan (eqn. 2-42)

2=1/g*dudt ;

T4=1;:%counter

for US4=20:5:140;%the range of wing loading

HS4NM(T4)=11S4;
TU4(T4)=(B4/04)*(K14*D4*1S4/q4+K2+CD04/(B4*US4/q4)+2) ;¥the resulting T/U ratlo.
eqn. 2.18

T4=T4+1;:%counter

end

fCase 5: Takeoff Ground Roll
Kdh/dt=0;

5g=3000;%Ground roll takeoff distance
RhS=,0023769;:X%Sea level densitu
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Kto=1.2;%stal!-to-takeoff velocity ratlo

Cim=2.5;%Max 11ft coefficlent for takeoff

BSe1:8%lUalght Fraction

H5=0;%Nach Humber

ARS=1;XDensity ratlo ot sea level
05=(0.568+0.25%(1.2-15)"3)*ARS"0.6:%Installed full throttle thrust lapse for n
high bypass turbofan (eqn. 2-42)

g*32.17;%Rccelerat fon due to gravity (ft/sec)

15=1;%counter

for US5=20:5:140,%the range of wing loading

HSSH(TS5)=UsSS;

TUSA(TS)=((20.9*WS5)/(RRS*CIm))/(Sg-B7*sqrt (USS/(ARS*CIn)));Xthe resufting T/U
ratio. Thie |s from Hicolal (eqn.6-3)!

15=15+1;Xcounter

end

%Case 7:Landing Roll

$dhdt=0;

Cim=3.0;%Mox I1ft coefficient for landing

S1=5000;%Landing distance

RR=1;%0ensity ratio ot sea level

TH8=0.2:.1:1.2;

HSO=(SI-400)*AR*CIm/110;XFrom Nicolal (eqn. 6-5).Hote 1t ls Independent of T/U.
for S=t:11,

HS8Nn(S)=Use;

end

%Case 9: Halntalinabllity

NHNFH=30; %Mo Intenance man hours per fiight hour

19=1;%counter

for US9=20:5:140,%the range of wing loading

USIN(T9)=Us9;

THI(T9)=(HNFH/7.25716)-(0.196568/7.25716)*1S9; Sthe resuiting T/U ratlo.This |s
fHewberry's equation for the flighter alrcraft only.
THIT(T9)=(NNFH/13.6383)-(0.1555/13.6383)*1S9;Sthe resulting T/U ratio. This is
XHewberry's equatlon using al12% alrcraft. It was used because It |s probably
fImost reallstic.

19=79+1 ;Xcounter

end

plot (USIN, TUI, US1el, TUTe, US2M,TUZ, "x ', US3N, TUI, '+ US4N, TU4, ‘o', USSH, TUSA, " ** ,USH
n,TU8, '-* US9H, TUIT, -, ')
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APPENDIX C

XThls s an ejectlon program slth expressions from Hoerner's Fluld Dynamic Drag
book, Chapter 13.

H=300;%weight of the seat and cree mesmber

g=32.2;%acceleratlon due to gravity

l=.2;XNach number

GAN=1.4;Xgamma

P=2116:%*.8321;:Xpressure

q=(GAN/2)*P*N~2;:Xdynomic pressure.assumed constant

Dq=9;8%drag area (vories between 4 ond 9ft~2)

#=60;Xapproximate average vertical velocity

Q=1;Xcounter

for Y=0:14,

YH(Q)~y;

T(Q)=V/u;%time |8 equal to velocity dluided by distance
72(0)=7(Q)~2;%t Ine squared

R1(Q)=0+(g*q*72(Q)*(Da/W));Sthe front seat trajectory. ean. 26, chap 13
X2(Q)=16+(g*q*12(0)*(Dq/U));Kthe back seat trajectory. eqn. 26, chap 13
0=0+1;%counter

end

Splot (X1’ vi,'+' N2 i, '+,

fthis draes the rotodome antenna
Au={9.7413 10.929 9.7413);
RI={9.7413 9.7413 9.7413);
Re=[9.7413 8.553 9.7413);

XD=[16 28 40);

plot (XD,Ru,XD,RI, ' -*,%D,Rc, '-'),
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APPENDIX D

SThies welght program has teo partd. The flrst 1s a subroutine shich computes the
Seeight of thé propuldion and fuel systems. These flgures are needed for the
faoin progros shich lterotes a takeoff weight.

$The below values are Inputs that are required for the equatlons that have been
fobtained from “The Fundamentals of Rircraft Design”® by Lelond N. Hicolla
{Chopter 20)

Al=pi*2.375°2; KiInlet Area

Hi=2;: SHumber of Inlets

Kgeo=i; $Duct Shape Factor

P2=24; fNMox Stotic Pressure at Engine Compressor Face-psio

Kte=i; STesperature Correctlon Factor

Kn={; %Duct Haterial! Factor

Ld=3; ISubsonic Duct Length

Fge=2154; XTotal Hing Fuel! fn Gallons

Fgf=0C; XTotal Fuselage Fuel In Gallons

Lf=S5; XFuselage Length

He=2; X¥Number of Engines

8=72; XUing Spon

Heng=2000; SUelight of Engine

KThe equoatlon numbere {roe Hicolal are Included sith the appropriate equatlons.
Ut fd=7.435*Ni*(Ld*A)~,5*P2)~, 73182015
Uesc=41,6*((Fge+Fgf)*10~(-2))~.018;%20-16
Ubsc=7.91%((Fge+Fgf)*10~(-2))~.0854;%20-18
Ui fr=13.64*((Fgu+Fgf)*10~(-2))"~.392;520-19
Udd=7.38*((Fge+Fgf)*10~(-2))~.456;%20-20
Utp=20.30*((Fge+Fgf)*10~(-2))".442;%20-21
Uoc=08.46*((Lf+B)*He*10"(-2))"~.294;%20-23
Hes=9. 33*(Ne*leng*10~(-3))~1.078;820-26
Ufs=lgsc+ibsc+Udd+Utp+Ul fr,

Hpp=lit fd+Ufe+lec+ies+(leng*2),

2This progras |s designed to find the appropriate tokeoff weight(Uto) where the
fequation Is o poiynomial with fraction exponents.The secant method is used to
£1ind the desired root.The operative equation (which Is so designoted belos) Is
fset up so that Kthe program ei!| find Uto (a.k.a. X) shen Y Is equal to
fzero.The many equatlons that preceed the operatlue equation are portlons of the
gfinal equation. They are seperate to make the operatlve squatlon more
faanageable.

SThe below values are Inputs that are required for the equatlons that have been
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Xobtalned from "The Fundamentals of RAlrcraft Design™ by Leland H. Hlcolla
(Chapter 20)

H=4.5; SUitImate Load Factor

toc=0.12; SHaximum Thickness Ratlo
Lie=(21%p1/18D); KLeading Edge Sweep

Ct=4; XChord Length at Tip

Cr=13.75; XChord Length at Root

l=Ct/Cr; XTaper Ratlo

A=8.11; NRspect Ratlo

Se=639; SUing Area

Sht=180; XHorizontal Tall Planfore Area
Bht=24;: f%Span of Horizontal Yall

tRht=0.86; XThickness of Horlzontal Tall at Root
Cmac=9.77; XNAC of the Uing

Lt=25; ¥Tall Homent Aras

HtHv=0; fHorlzontal Tall Height to Uertical Tall Height Ratlo
Sut=45; XUertical Tall Area

He.78; XHaxlmua Hach Number ot Sea Level
Sr=22; fRudder Areo

Aut=t,111;: XAspect Ratlo of Vertical Tall
{t=0.5; %Taper Ratlo of Uertlical Tall
Lut=(30*p|/180); ¥Sweep of the Usrtical Tall
q=800; fMoximum Dynamic Pressure

Lngth=55; SFuselage Length

H=8; XNaxisus Fuseloge Helgth

Kint=1; flnlet Constant

Noll=2; SHumber of Pllots

He=2; SNumber of Englines

HUtron=10000; RUelight of Rulonics

Her=4; fHueber of Crew

Keea=149.12; XEjectlon Seat Constant
Urod=3086; SRadome WHelght

Ufuei=14000; XTotal Fuel Ueight

%The equatlion numbers fros NHlcolal are Included eith the approprliate equatlons.
XThe first loop |s used to cospute the first teo values of ¥ after the two
finitlal guesses for Hto (X) have been made. Two Inltial guesses are required
ffor the secant method,

P=1;

for lito=40000:10000:50000,%40K & S0K are the two initial guesses.

R(P)=Uto; ’
Uw=19,29*%(1*N*Uto/toc*((tan(Lie)-(2%(1-1))/(A*(1+1)))~2+1)*10°(-6))".464*((1¢1)*A
). 7*Se" . 303%20-2

Yh=(lUto*N)~.813*Sht~.504*(Bht/tRht)~,033*(Ceac/LL )", 20;%20-3a
Uht=.0034*Yh".915:%20-3a

Yue(1aHtHu )~ S*(Uto*H)~ . 363*Sut~{ . DB9*H~ . 601 2Lt~ (-, 726)*(1+Sr/Sut )", 21 7*Aut ~, 337+
(1+410)%.363*(cos(Lut))"(~.484):820-3b
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Hut=2%0,19%vu~1.014;%20-3b
Uf=11.03*(KInl"1.23)¢(q*10~(-2))".245*(Uto*10"~(-3))".98*(Lngth/H)~.61;%20-5
Hig=129.1*(Uto*10°(-3))~.66;%20-7

Hhyd=23.77%(Nto*10"(-3))~1.10;%20-35

Ufl=Hpt1*(15+.032*11t0*10~(-3)):%20-39

Hel=Ne*(4.00+,006*Uto*10~(-3));%20-40

Uni=, 1S*(Uto*10"(-3))%20-42

Hes=346.98*( (Ufe+ltron)*10°(-3))"~.509;%20-44

Uat=KseatNer~1,2;%20-50

Hox=16.89*Ncr~1.494;%20-51

Hac=201,66*({Utron+200*Ner)*10°(-3))~.735;%20-65

Ufc=1.08*(Uto)~.7;%this equation is from Roskam PartVy

XThe below equation Is the operative equation.

Y(P)=(-Uto)+Hu+lht +lut sl T+l gelihyd+lifi+Hel+Un| +Uas+lst +Uox+Hac+Urad+lUfusl +Utron+il
pp+lifc;

P=P+1;

end

fIThis concludes the loop that computes the values of ¥ for the teo Initlal
fquessms.

%The second loop Is designed to actually find the root.The loop allows for up to
%19 iteratlons.

for J=3:12,

RO =R(J-1)-Y(I-1)*((R(I-1)-K(J-2))/(Y(J-1)-¥(J-2)));XThis |s the secant method
fforaulal It computes a value of ¥ (Uto) from the previous two X's and thelr
frespective ¥ values. The rest of this loop just computes the new value of ¥
Xfrom the newly compufited X. Nore information on the secant method can be found
fin any numerical methods book.

Hto=X(J);
Ue=19.29%(1*H*Uto/toc*((tan(Lle)-(2%(1-1))/(A*(1+1)))~2+1)*10~(-6))".464%((1+1)*n
). 7%Se",50;%20-2

Yhe(Uto*H)~.013*Sht~.584*(Bht/tRht)~.033*%(Crac/LL )"~.20;%20-30
Wht=.0034*Yh~,915;%20-3a

Yu=(1+HtHu) . 5*(Uto*N)~ . 363*Sut~1.009*H~ . 601*LL~(-.726)*(1+Sr/Sut)~.217*Aut ~. 337"
(1+1t)~.363*(coa(Lut ))"(-.484);%20-3b

Hut=2*0,19%Yu~1.014;%20-3b
Uf=11.03%(KInl"~1.23)%(q*10%(-2))".245*(Nto*10~(-3))".98*(Lngth/H)".61;%820-5
Uig=129.1*(Uto*10~(-3))~.66;%20-7

Uhyd=23.77*(lto*10~(-3))~1.10;%20-35

Ult=Hpli*(15+.032*UL0*10"(-3));%X20-29

Uei=Ne*(4.80+.006*Hto*10~(-3));%20-40

HUmi=.15%(lto*10"(-3));820-42

Heo=346.90*((Ufs+Utron)*10~(-3))~.509;820-44

st =Ksea*Hcr~1.2;%20-50

Hox=16,09*Ncr~1.494;%20-51

Hac=201.66*( (Utron+200*Ncr)*10~(-3))~.739;%20-6%

Ufcet,00%(Uto)~.718this squation I8 from Roskom PortV

72




XThe below equation ls the operatlve equation whos root we are seeking.
Y(J)=(-Uto) +Hw+liht +Hut + 1T+ 1 geiihyd+UT 1 +Ha ] +Un ) +Ues+lst +Hox+Hac+Urad+lifual +litron+ll
pp+life;

end

disp(lito),

flto= 5.1490e+04 Ibs
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APPENDIX

AEW!1

E

XLS

GROUP

AIRFRAME

WING (ouT)
WING (WED)
NACELLES _ = _
FUSELAGE
VERT TAIL
FUEL ~
WinG

BLADDER (M)

ENGINES _

HORIZONTAL TAIL

[BUMPS AND DRAINM)
CELL BACKING ()

TRANSFER PUMPS M)
iINFLIGHT REFUELING

ENGINE CONTROLS

STARTING SYSTEMS _~ ~ =~ 7
HYD's | T N
LANDING GEAR (Nos§) — ~ "~
LANDING GEAR (MAIR) ~ o

HYD SVSTEM T
FLIGHTY CONTROL SYS. ) . )
AT NST _~ T
ENG_INST ~—~~ — T T
AIRCOND 7 T T
OXY SYSTEM _ T T T
ELECT SySTEM ~ ~— 7 " -
MISC iNST = o

AVIONICS

———— e

MOMENT ARM R
iN FRONT OF THE

30

133

30
30
5_
355
F

i
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AEW1.XLS

SEATS 787 19
=SUM(B5:B58) N
XCG FROM 5" FEET FORWARD OF NOSE
=D59/859
ZCG FROM "5 FT BELOW FUSELAGE -
=F59/B59
Ixx= =159 slugs/fth2
lyy= =M59 slugs/fth2 B
122= =N59 slugs/ft*2
Ixy= 0 slugs/ft*2 o
Ixz= =Q59 slugs/ft"2
izy= 0 slugs/fth2
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AEW1 XLS

| |
| |
! . |

X_MOM Z Am Z MOM Y AR ]

=B5°C5 i2 =BS'ES 23 f

=B6°C8 12 =B6°E6 75

=87°C7 15 =B7°E7 4.56

=B8°C8 i =B8°E8 875

=89'C9 9 =B89°E9 0

B17°CIZ i3 BizEiZ i

=B18°C18 12 =BIi§'E6 75 ’

BiFcis i3 SBigEIS |76

smzicai iz EEd |6

BHCH |3 SBIFE |76

=8257C28 iz =828€35 )18

=826°C28 0 =B28°E6 135

=B27°C27 io =BTE2T 975

=828_‘028 10 =B28°E28 45

=88'C® 32 ZBIEW 0

=By°CI7 22 =BITEI . |8

=8387C8 "~ I8 =BIFEB |0

=B_3_Q'0379_m ) 8 - =B39°E39 0

sBACAT T i0T SBATEAL )

=B4’C42 T lig C 8422 [0

=Ba¥CAl iz =BAYE3 |0

=_84‘4_'C“447 B _ 7 ~B44°E44 0

sB4g°CAE |5 =B4BESB |0

=847°C47 _ 1 =BATEAT |0

sB4g'cds” 3 sBAFER |0

=Bagcid " lio =BATED |0

=850°C50 19 =BS0ES0 |0

=B851°C51 8 =B51°E51 0
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AEW1.XLS

=B53-C53 95 I=B53°E53 0 —
i
S S S R
| -
|
=SUM(D5:D58) =SUM(F5:F58) )
|




AEW1.XLS

78

(XiXogy'2 — |(Vi-Yeg)2 @zeg®2 b by
=(C5Xeg)2 |=(G5)*2 =(E5-Zcg)*2 =B5°(J5+K5) _ |=B5*{i5+K5)
=(C8Xco)2 |=(G8)2 =(E6-Zcg)"2 =86°(J6+KS) =B867(16+KE)
=(CIXcg)'2  |=(G7)"2 =(ET-Zcg)"2 ZBIUJTEKT)  [EBTUITHKT)
=(C8Xep)'2 |=(G8)%2 .. |FlEB-Zog)2 =B8'(JB+KE)  |=BB(18+K8)
=(C9-Xcg)'2 |=(G9)*2 =(E9-Zog)*2 =B9°(J5+K9) =89°(19+K9)
=(Ci2Xcoy2 =(Gi2)*2 | [F(Ei2-Zcg)*2 =BI12°(J12+K12)  |=B127(112+Ki2)
SCidXeor2 | |F(@i872 ZEi6-260)"2 =Bi6-(Jis+Ki®)  |=Bi6-(16+KiB)
SCioxeoy2__ _|(Gi9"2 _ [SEi0-Zegy2  |=BIS(II9NKI®)  |=BiST18+KIY
=(C2i-Xcg)*2 __ [|=(G21)*2 = |[=(E21-Zcg)*2 [=B21°(J2i+K21)  [=B2i1%(21+K21)
SCBXop)2 _|MGW2 _ |FEB-Zegy2 [FBIFU2K2I __|B23(23KDI)
=(C25Xcg)'2 ___[=(G25)°2  |(E25-2cgy'2  |=B25°(J25+K25)  |=B257(125+K25)
=(C28-Xcg)"2 =(G26)°2 _|FE28-2Zc9y2  |=B26°(J26+K26) __ |=B26°(126+K26)
C2r-Xeg)'2  |=(G21)°2 _ [pE€21Zegy’2 [=B27°(J274K27)  1=B27°(127+K27)
=(C28-Xcg)*2 __ [=(G28)°2 =(E28-Zcg)*2 |=B28°(J28+K28)  |=B28°(128+K28)
=(C3-Xcg)'2 __ |=(G38)*2 |F(E36-Zcg)'2  |=BIB(JIB+KIB)  {=B3IB(136+K36)
=(C37-Xcg)"2 Q32 |S(EN-Zeg)'2  [=B3I(J3THK37)  [=BIT(37+K37)
HC8/xcg)2 =(G38)"2 =(E38-Zcg)*2 =B38°(J3g+K38)  |=B387(138+K38)
=(C3/Xcg)2 _ |=(G39)"2 __|F(E39-Zcg)'2 |=B39°(J39+K3D)  |=B39°(139+K39)
SCoiXegy2 — |N(GAV2 | |SEAT-Zog)2 =B41"UATKAD)  [=BAT (141ka1)
=(C4aXcg)'2 __ [=(GA22 |=(Ed2-Zog )fl_' _____ =BA2°(J42¢K42)  |=B42°(142¢K42)
HCA3Xcg)2 |=(G43)'2 [=(E43-Zcg)'z  [=B43'(JAI+KAY)  |=B43'(143+K43)
(C4dXcg)'2 _ [3(GA9"2  |=(Edd-Zog)*2 T |SBAAT(JA4IKAA) T |=BA4T(144+K44)
2(CABXog)'2  |=(GAB)2 | |=(E8-Zcg)'? | |-BABT(iBikd)  |-BdG (4G+Kdp)
SC4TXep)'2 |=(GAT)'2  |S(EAT-Zcg)'2  |=BATI(JAT+KAT) T |=BAT(I41+KAT)
=(CédXcg)2 _ |=(GA®)2 AE“*ZOO)‘Z _.|2BA8(J4B1KAB)  [=B4D(1484K4B)
=(C48-Xcg)"2 =(G49)*2 |=(E40-Zcg)2 =B49°(J48+K49) _ |=B40°(149+K49)
=(C50Xeg)2  _ |=(G50)2 ‘!§§9.Z°0)‘2 =B50°(J50+K50) __ |=B50°(150+K50)
=(C5i-Xcg)*2 =(G51)*2 =(E51-Zcg)"2 =B51°(J51+K51)  |=B5i°(151+K51)




AEW1.XLS

=(C53-Xcg)"2 =(G53)"2 =(E53-Zcg)"2 =B53"(J53+K53) =B53"(153+K53)
=SUM(L5:L57) =SUM(M5:M57)
=L58/32.174 =M58/32.174
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Izx

lzz S | vz >
=B5*(15+J5) =0 |=BS*(CS-Xcp) (LS. ch) o
=B6°(16+J6) =0 |-B6*(C6-Xce)*(E6-Zco)
=B7°(174J7) =0 B —B7'(L7 Xcg)*(E7-Zep) _
=Bg* (|84J8) 0 '88'((,3 Xeg)*(E8-Zcg) ~
'BQ'(|9+J9) =0 B '89'((.9 Xcg)*(: 9. 7cg) 7
BTz 5 mircnXerEiie
=B16°(118+J18) __ |=0 =0 |-BI6°(C16-Xcp)*(E16-7cp) |
=B19°(119+419) 10 |BI9NCI9Rep) (E197ce)
=B21*(121+J21) 150 =BMC2tXep)(E2l-7cp)
=B823°(123+J23) |0 [Br3vcasxepyriE23zeg)
=B25°(125+J25) |20 |-B25*(C25-Xcg)*(E25-Zcg)
=B26*(126+J26) =0 =B26°(C26-Xcg)*(E26-Zcg)
=B27*(127+J27) =0 |=B27°(C27-Xcg)*(E27-Zcg)
=B28°(128+J28) L0 [TB28%(C28-Xcp)'(F28-Zce)
=B36°(136+J36) |0 =BJ6*(C36-Xcg)*(E36-Zcg)
=B37°(137+J37) =0 =B37°(C37-Xcp)*(E37-Zcg)
=B38"(138+438) =0 =B18*(CI8-Xep)*(E38-Zcp)
=B39°(139+J39) 0 |"B39%CI9Xep)*(E39Zcg)
=B41*(141+J41) |0 =0 =B41°(CA1-Xcg)*(E41-Zcg)
=B42'(142+042) |0 i ZB42%(CI2-Xcp)*(E42-Zc)
=B43°(143+J43) =0 =0 =B43°(C43-Xcp)*(E43-Zcp)
=B44°(144+J44) =0 =0 =B44*(C44-Xcg)*(E44-Zcg)
=B48°(146+J46) =0 =0 =B46°(C46-Xcg)*(E46-7cg)
=B47°(147+J47) =0 =0 =B47%(C47-Xcg)*(E47-7cp)
=B48°(148+J48) =0 =0 =B48°(C48-Xcg)"(EAR-Zcg)
=B49°(149+J49) =0 =0 =B49°(C49-Xcg)*(E49-Zcg)
=B50°(50+J50)  |-0 %0 |TBSONCS0-Xcp)*(ES0-Zcp)
=0

=B51°(151+J51)

y

=BS1°(C51-Xcg)*(ES1-Zcg)
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=853*(153+J53) =0 =0 =B53*(C53-Xcg)*(ES3-Zcg)
=SUM(N5:N57) =0 =0 =SUM(Q5:Q57)
=N58/32.174 =058/32. |=P58/32. |=Q58/32.174
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AEW1 XLS

GROUP MOMENT ARM REFERENCED FROM '5” FEET _ |
e B IN FRONT OF THE NOSE. “5 FEET BELOW THE FUS

AIRFRAME R SR A B

. e ____| X Am| X MOM|Z Arm|Z MOM| Y ARM (XI-Xcg)*2
WING OUD 2250 3" 78500| i2f 27000 23 25i9329
WING (WET)____ | &) 30| fovdoo| 2| 42080| @ 75 5821413
[HORIZONTAL TAL _ 45| 585| 248075 15| 85l 4% 533.0206
NACELLES =~ %8| 255 247085 ol 960l 975 17 78626
FUSELAGE ~ 2157 29| 79953 9| 24813 0 11.64693
VERTTAL™ 269 58| 15802| 13| 3497 i 854.7068
FUEL

WING ] 14000 30| 420000{ 12|188000 15 5821413
BLADDER (M) 513 30| 15390 12| 6156 75 5821413
DUMPS ANDDRAING) | 30| ~ 33 980 12| 360 8 0.34485
CELLBACKING(W) |  108]  39{ ~ 3276 12| 1308 i3 5821413
TRANSFERPUMPS (W) |~ iio| 3| =~ 3308| 3| 3% 7§ 583743
iNFLIGHT REFUELING _ 45| isf © 8715 10| %0 35 303.2042
ENGINES " | 4000/ ~ 255 102000) 10| 40000| 9.7 4778626
ENGINE CONTROLS 116) 20| _ 2320{ 10| {160 i3 154 0766
STARTING SYSTEMS 4

HYDs

LANDING GEAR (NOSE) |~~~ 28| 3| 3m8| 23| Big3 o 378 8353
LANDING GEAR (MAIN) 1473 39|  57447] 22| 324086 8 4330172
HYD SYSTEM | {762 30| 52860/ 8| i40%8 0 §82i4i3
FLIGHT CONTROL SYS. 2043 30| 61290 8| 16344 0 5821413
AT msT T | ®m @) | i6) 3% 502 3318
ENG_INST v .10 fop 1003 1o 100 0 502.3318
ARCOND___ 159 35929 12} 13908 9 1995892
OXY SYSTEM 134 i5 2010 7| 938 0 303.2042
ELECT System | iies| 35| ao7s| g i0ads 0 8.893808
MISC INST I o 9w n 0 5023318
APU___ - .30 25 __ 12501 8 _ 400 0 54 94902
AVIONICS 10000 41] 410000} 10f100000 0 73 74068
RADOME | 3000 331 9%0001 19} 57000 0 0 34485
CHAFF/FLARE LAUNCH 300 3 9900 8 2400 0 0.34485
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SEATS

787

19

14953

9.5

7476.5|

0]

1179.9021

51393

1665789

560703

XCG FROM "5" FEET FORWARD OF

NOSE

32.41276

ZCG FROM "5 FT BELOW FUSELAGE

10.91011

Ixx=

100006.3

stugs/fit"2

lyy=

74175.85

slugs/ft*2

1zz=

147693.2

slugs/ft*2

Ixy=

0

slugs/fi*2

Ixz=

-14.9335

slugs/ft"2

lzy=

0

slugs/ft*2
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(i-ogr2@izogya| byl dzz) Byl yzf o lax
" 529( 1.18786( 1192923| 8341.175| 1195018/ oooj 000! 182}
___56.25|"1.18786| 205627.5| 25093 2| 222215.7} 000} 0 00 241412
_20.7938| 18.7272| 18696 75| 244637.8| 2484473 000] 000l 4201880
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~"56.35| i.ia788| 804130| 8120.82| 868000.8| aon| D00 RIS 00
_58.25| _1.18788| 20485.62| 3595.757 31842.83| 0o0f oo 134901
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APPENDIX F

Comdinates of 12 Pereent hick Snapereritieal \infoid S0y 0712
Decigned for 07 Lift Coellicient

e I ——
S =

x/C (y/c),, (y/c)l /e (','/(-)‘| (','/M]

0.000 0.0000 0.0000 .500 . 0584 -.0554
.002 .0092 -.0092 .510 .0581 -.'0546
. 005 .0141 ~.0141 .520 .0577 -.05137
.010 .0190 -.0190 .530 .0573 -.0528
.020 .0252 -.0252 .540 .0569 -.0518
.030 .0294 -.0294 .550 .0564 - 0508
.040 .0327 -.0327 .560 .0559 -.0496
.050 . 03154 -.031%512 .570 .0554 -.0484
.060 L0377 -.0376 .580 .0549 -.0471
.070 .0397 -.0196 .590 .0543 -.0457
.080 .0415 -.0414 . 600 .0537 -.0443
.090 L0431 -.0430 .610 .0530 -.0429
.100 .0446 -.0445 .620 .05213 -.0414
.110 .0159 -.0459 .610 .0516 -.0398
.120 .0471Y -.0472 .640 .0508 -.0382
.130 .048) -.0484 .650 .0500 -.0366
.140 .0494 -.0495 .660 .0491 -.0349
.150 .0504 -.0505 .670 .0482 -.0332
. 160 .0513 -.0514 .680 .0472 -.0315
.170 .0522 -.0523 .690 .0462 -.0298
.180 .0530 -.0531 .700 .0451 -.0280
.190 .0537 -.0539 .710 .0440 -.0262
.200 .0544 -.0546 .720 .0428 -.0241
.210 .0551 -.0553 .730 .0416 -.0226
.220 .0557 -.0559 .740 .0403 -.0208
.230 .0562 -.0564 .750 .0390 -.0191
.240 .0567 -.0569 .760 .0376 -.0174
.250 .0572 -.0574 .770 .0362 -.0157
.260 .0576 -.0578 .780 .0347 -.0141
.270 .0580 -.0582 .790 .0332 -.012%
.280 .0584 -.0585 .800 .0316 -.0110
.290 .0587 -.0588 .810 .0300 -.0095
.300 .0590 -.0591 .820 .028) -.0082
.310 .0592 -.0593 .8130 .0266 -.0070
.3120 .0594 -.0%95 .840 .0248 -.0059
L3130 .0596 -.0596 .850 .0230 -.0050
J340 .0598 -.0597 .860 .0211 -.004)
.3%0 .0599 -.0598 .870 .0192 -.0018
.360 . 0600 -.0598 .880 .0172 -.003S
.370 .0601 -.0598 .890 .0152 -.0011
.3180 .0601 -.0598 .900 L0131 -.0034
.390 .0601 -.0597 .910 .0110 -.0036
.400 .0601 -.0596 .920 .0088 -.0041
.410 .0601 -.059¢ .910 . 0065 -.0049
.420 .0600 -.0592 .940 .0042 -.0059
.470 .0599 -.0589 .950 .0018 -.0072
L4140 .0598 -.0586 .960 -.0007 -.0087
.450 .0596 -.0582 .970 -.00313 -.0105
_460 .0594 -.0578 .980 -.0060 -.0126
.470 .0%92 -.0573 .990 -.0088 -.0150
. 480 .0590 ~-.0567 1.000 -.0117 -.0177
.490 .0587 -.0561
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APPENDIX G

XZero 11ft drag coefficent of entire alrcraft. This progrom slll compute
Ylsolated parts of the alrcraft & then sum them. This ls {rom DRTCOH.

SPart 1: lsolated Wing

Cr=13.75:8R00t Chord (ft)

Cte4;471p Chord (ft) '
toce.12:%Thickness Ratlo

Lie=21%p|/180;% sading Edge Sweep (rads)

B=72;%M1ng Span (ft)

HU=1 . 573*10~(-4) ;%1 scosity (fL~2/s)

Ulnf=820;%Freestreom VUalocity (ft/s)

I=Ct/Cr:%Taper Ratlo

B2=B/2;%Half Uing Spon (ft)

TLle=tan(Lle);%Tangent of Leoding Edge Sweep (rads)

Ctp=TLle*B2;

Crp=Ct+Ctp-Cr;

Sfp=2*((B2%(Cr+Crp))-(.5*B2*Ctp)-(.5*B2*Crp));SMUing Area (ft~2)
Cb=(2/3)*Cr*({141+1°2)/(1+1));%C bor - Hean Aerodynamic Chord
Re=UInf*Cb/NU;%Reynolds Humber

Cbf=0.455*(10g10(Re))~(-2.508);XAverage Turbulent Skin Frictlon Coefflclent
Cdow=2*Cbf*(14(2*toc)+(100%toc"4)),¥Cdo of the Uing. ean. 4.1.5.1a

‘- _________ - o A Y T e T L T L e WA e . o S0 T . - - —— .
fPart 2: Isolated Rotodome (not Including Pylon)

Crr=24;%Rotodome Root Chord (ft)

Ctr=0;XRotodome Tip Chord (ft)

tocr=,135;%Rotodone Thickness Ratlo

Ir=Ctr/Crr;SRotodome Taper Ratlo

Cbr=(2/3)*Crr*((1+iré1r~2)/(1+1r));%C bar - Rotodome Hean Rerodynamic Chord
Rer=Uinf*Cbr/NU;XReynclds Humber
Cbfr=0.455*(10g10(Rer))"(-2.58);:XRotodome Average Turbulent Skin Frictlon
fCoaffliclient

Cdor=2*Chfr*(1+(2*%tocr)+(100%Locr~4));%Cdo of Rotodoms prior to muitiplication
%of Rotodome-Uing Area Ratlo. eqn. 4.1.5.1a

Srep|*12°2:XRotodome Area (ft~2)

Cdorp=Cdor*Sr/Sfp,%Cdo prine of Rotodome

SPart 3: Rotodome Pylon (Support)

fThe Pylon has been approximated as a wing with the following dimensions.
Crs=13;XRotodose Pylon Root Chord (ft)

Cts=8;%Rotodome Pylon Tip Chord (ft)

tocs=.3;%Rotodome Pylon Thickness Ratlo

1a=Cts/Crs;NRotodome Pylon Taper Ratlo

Cbe=(2/3)*Cre*((1+1a+18°2)/(1+18));%C bar-Rotodome Pylon Hean Aerodynosic Chord
Res=Uinf*Cbe/NU; ¥Réynolds Humber

Cbfs=0.455*(10g10(Res))“(-2.58);%Rotodome Pylon Average Turbulent Skin Frictlon

SCoaffliclent
Cdoe=2%Cbfe*(1+(2%toce)+(100%toce~4))15Cdo of Rotodome Pylon orior to
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taultiplication of Pylon-Uing Area Ratlo. eqn. 4.1.5.1a
3s=((13+0)/2)*0.4;%Rotodone PyYlon Area (ft-2)
Cdosp=Cdos*Ss/Sfp,SCdo prime of Rotodome Pyion

fPart 4: Isolated Fuselage (Body) '

$This program assumes a oglve shaped body.

Daox=0;%Nax Diometer of Fuselage

Lb=55;¥Fuseiage Length

FR=Lb/Dmax;XF ineness Ratio

Ob=1.0;%Base Dlameter

Reb=UiInf*Lb/NU; SReynolds Humber

Cbfb=0.455%(tog!0(Reb))~(-2.50);%Fuselage Auerage Turbulent Skin Frictlon
$Coefficlent

SwoSb=10.85;XFrom USAF S&C DotCom Flgure 2.3.3

Sb=pi*4°2;XFrontal Area of Fuselage
Cdof=1,02*Chf*(1+(1.5/(Lb/0max)"1.5)+(7/(Lb/Onax)"3))*SeoSb;XCdo-Fuselage Skin
ffFriction. Flrst part of ean. 4.2.3.1a

Cdobb=(0.029*(Db/0nax)~3)/(sqrt (Cdof));XBase Pressure Cdo. eqn. 4.2.3.1b
Cdob=Cdof+Cdobb;¥Cdo of Fuselage prior to multiplication of Fuseloge-Ulng fArea
fRotlo. eaqn. 4.2.3.1a

Cdobp=Cdob*Sb/Sfp,XCdo prime of Fuseloge

fPart 5: Isolated Horlzontal Tall

Crh=9;%Hor lzontal Tal! Root Chord (fi)

Cth=6;%Horizontal Tall Tip Chord (ft)

Cthp=3;

toch=.12;%Horlzontal Tall Thickness Ratlo

Bh2=12:%Hor izontal Tall Haif Span

Ih=Cth/Crh;XHorizontal Tall Taper Ratlo

Cbh=(2/3)*Crh*((1+1h+1h~2)/(1+41h));XC bor-Horizontal Tall Hean Rerodynamic Chord
Reh=UInf*Cbh/NU;%Reynoids Husber

Cbfh=0.455*(10g10(Reh))~(-2.508) ;XHorizontal Tall Average Turbulent Skin Friction
fCoesfficient

Cdoh=2*Cbfh*(1+(2%toch)+(100*toch*4));XCdo of Horlzontal Tal! prior to
fsuitiplication of Horizontal Tall-Uing Area Ratio. eqn. 4.3.3.1a
Saph=2¢(Crh*Bh2-.5*Bh2*Cthp) ;fHorizontal Tall Area (ft~2)
Cdohp=Cdoh*Saph/Sfp,%Cdo prime of Horizonta! Tal!

fPart 6: |salated Uertical Tall

Cru=6;%Uertical Tall Root Chord (ft)

Ctu=3;%Uerticat Taf! Tip Chord (ft)

Cthp=3;

tocv=.12;%0ertical Tall Thickness Ratlo

lveCtyu/Cru;fUenrt lcal Tall Taper Ratlo

Cbu=(2/3)¢Cru*((1+1ut1u*2)/(141v)):8C bar-Uertical Tall Hean Rerodunamic Chord
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Rev=UInf*Cbu/HU; SReynolds Humber

Cbfu=0.455*(1ogt0(Rev))~(-2.58);XVert Ical Tall Auerage Turbulent Skin Friction
$Coefflclent

Cdou=2%Chfut(1+(2%tocu)+(100%tocu~4));%Cdo of Uertical Tall prior to
Imultipiication of Uertical Tall-Uing Area Ratlo. ean. 4.4.3.1a
Sopu=90:XUertical Tall Area (ft"2)

Cdouvp=Cdou*Sapu/Sfp,¥Cdo prime of Uertical Tall

LTotal .
Cdo=Cdow+Cdorp+Cdosp+Cdobp+Cdohp+Cdoup,8Total Alrcraft Cdo. ean.4.5.3.1b
Cdoa=Cdos+.008+Cdobp+Cdohp+Cdoup,¥Total Rircraft Cdo using actual rotodome drag
Informat lon.

fCdo =0.0177
fCdoa=0.0205
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APPENDIX H

XThis progrom |s designed to calculate the Coefficient of Drag, LIft-to-Drag
fAotlo, Thrust Required, Fower Required, Power Avaliable, Excess Power, Rote
fof Climb, Endurance and Ronge. Thé equatlions are found In any Intrductory
falrcraft book. This analfysis was perforeed using Anderson’s “Introduction to
fFlight, Chapter 6.

Cdo=0.0205;¥Aircroft Cosfficlent of Orog
AR=8.11;XAspect Ratlo
#=0.8;XEfflclency
HU=53000;%A1rcraft Ueight
Ufuel=14000;X¥Fuel Height
He=53000-14000; XEmpty Helght
R0=.0023769*1;X0Denslty (s1/ft"3)
S1G=R0/.0023769;XDensity Ratlo
Thr=25400*(S1G) ; XThrust
SFC~0.33/3600;XSpec! fic Fuel Consumption
S=639;%ling Area (ft"2)
K=1/{pi*AR%e);
T=1;Xcounter
for A=.05:.05:3,4This Is the range of CI chosen.
CI(T)=R:XCoefficlient of LIft Hatrix
Claq(T)=A"2;%C| squared
Cd(T)=Cdo+K*R*2;:XComputed Cd Hatrix. ean. 6.1c
LeD(T)=CI(T)/Cd{(T);%LI1ft-to-Drag Ratlo (max L/D=16)
TA(T)=U/Lo0(T):XThrust Required for Level, Unaccelerated Fllight. ean. 6.15
U(T)=aqrt (2*1/(RO*S*C1(T)));MVeloclty calculoted from C1. eqn. 6.16
PTR(T) = 5¢A0*U(T)~2*S*Cdo:XParasitic Thrust Required for Level, Unaccelerated
SFlight. ean. 6.17 (1st part)
ITR(T)= 5*R0*U(T)~2*S*K*A"2;XInduced Thrust Required for Level, Unacceleroted
$Flight. eqn. 6.17 (2nd part)
PR(T)=TA(T)*Y(T);%Poser Required for Level, Unacceierated Flight. eqn. 6.23
PRp(T)=aqrt (2*U~3*Cd(T)~2/(R0*S*C1(T)*3)) ;XPower Required for Lsvel,
SUnaccelerated Flight (double check). ean. 6.26
PPA{T)=PTR(T)*Y(T);XParasitic Power Required for Level, Unaccelerated Fiight
tPR(T)=ITA(T)*VU(T):%Induced Power Required for Level, Unaccelerated Flight
PRp(T)=Thr*U(T):XPoser Auvaliable (the slope of this Ilne Is the thrust)
EDR(T)=(1/SFC)*LoD(T)*10g(lt/Ue);SEndurance. eqn.(6.63)
RHG(T)=2%sqrt (2/(R0O*S))*(1/SFC)*(aqrt (C1(T))/CA(T))*(sart(lH)-sqrt{lie));¥Nange-
Seqn.(6.68)
Gang(T)=atan{1/LoD(T))*(180/p!1):%G!1de angle (In degrees). ean. 6.47
26rng(T)=H*LoD(T);%G! Ide Range. fligure 6.30
T=1+1;%counter
end
K=1:%counter
for UR=0:35.7:999.6, %0 to 1000 fps
UAN(X)=UA;XVatocity Natrix
PA(X)=Thr*UR:XPower Avallable Hatrix (Thr is the siope of this ilne)
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KeX+1;%counter

end
PS=PAp-PR;XExcess Power Hatrix. eqn. 6.42
PoC=PS/U;XRate of Climb. eqn. 6.43
Thet=asin(RoC./U) . *(180/pl);%climb angle. eqn. 6.41
fdisp(LoD), ,
fdisp(PS),
fd1ep(RoC.*60),
’D'O!(CdnC')r
fplot(Cd,Clsq),
fplot(V,TR),
fplot(V,TR,U,PTIR,'—-" U, ITR,'--"),
fplot(V,PR,U,PPR,'--" U,IPR,'--' U,PAp, 'x’',UNH, PR, '-'),
tplot{V,EDR. /3600),
fplot (Y,ANG, /6000),
fplot(U,RoC*60)},

fthis ls o result of octual thrust/power obtained from ONX/OFFX

PRs(=[0347933 11130578 13378120 13693171 14048422 13970359 13852273);%actual PA
Hotrlx at seo level

PA1S =1.0e+07*[0.5347 0.70064 0.6346 1.13623 1.2203);XPower Avalliable at 15K
PA3S =1.De+06%(2,2604 3.0139 3.6222 95,5050 6.2335];XPower fvallobie at ISK
Hel=[.3 .4 .5 .6 .7 .8 .9]);

H=y./{1116);

Ham=UAN./(1116);

Ms=[.3 .4 .5 .9 .99);

nis«{.3 .4 .5 .8 .9);

fplot(H,PR, '0° ,N,PRp, -, Hom PR, '-' N,PR, ‘- NIS, PRIS,'--'),

PSRi=1.0e+07#{0 ,2195122 ,6585366 .07060468 1.0341463 1.03 .9993 .9405 .8693
.0443 0046 .7692 .7374 .7087 .6825 .6566 .6365 .6161 .5972 .5796 .S5631 5477
.5332 5194 5065 .4942 .4825 .4714 .4609 .4500 .4411 .4310 .4230 .4144 4062
3983 zeros(1,2%));

PSR2=1,08+07*{zeros(1,36) .3907 .3834 .3763 .3694 .3628 .3563 .3501 .3441 3382
.3325 3269 .3215 .3163 .311 3062 .3013 .2966 .2920 .2874 .2830 .2787 .274S
.2703 .2663 .2623);

PSR=PSA1+PSA2;%actual PS (excess power) motrix ot Sea Level

HAt=(.84 .8 .7 .6 .5 .45 .4198 .3606 .3635 .3427 .32%52 .3100 .2968 .2052 .2748
2655 2571 .2494 .2424 .2359 .2299 ,2244 .2192 2144 .2099 .2056 .2017 .1979
L1943 1909 1077 .1847 .1618 1790 .1763 .1738 .1714 .1690 .1660 .1647 .1626
zeros(1,20)];

HA2={zeros(1,41) .1606 .1507 .1568 .1550 .1533 .1516 .1500 .1484 .1469 . 1454
L1440 1426 1412 1399 1366 1374 1362 .1350 .1339 .1327);

HR=HA1 +11A2;

RoCR={PSA. /11)*60;8actual RoC MNatrlx

folot (HA,RoCA),

PSA1S1=} 00+06%(0 1.852 4,259 5.556 6.204 6.296 5.926 5.6713 5.4431 5.2719
5.0362 4.8543 4.,6846 4.5260 4.3771 4.2371 4.1051 3.9804 3.8621 3.7499 3.6431
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3.5413 3.444) 3.3511 3.2620 3.1766 3.0944 3.0154 2.9394 2.8660 2.7951
zeros(1,20)1;

PSR152=1.0e+06*[zeros(),31) 2.7267 2.6605 2.5963 2.5342 2.4739 2.4154 2.3565
2.3032 2.2494 2.1970 2.1460 2.0962 2.0477 2.0003 1.9541 1.9089 1.8647 1.8215
1.7792 1,7378 1.6973 1.6575 1.6186 1.5604 1.5430 1.5062]);
PSR1S«PSR1S1+PSA152;%actual PS (excess power) matrix at 15K ,
HAISI=(,.957 .9 .8 .7 .6 .5 .45 0.4023 0.3852 0.3701 0.3566 0.3445 0.3336 0.3236
0.3145 0.3061 0.2984 0.2912 0.2845 0.2782 0.2724 0.2669 0.2617 0.2568 0.2522
0.2478 0.2436 0.2396 0.2359 0.2323 0.2288 0.2255 0.2224 0.2194 0.2165
zeros(1,22)); '
HR152={zeros(1,35) 0.2137 0.2110 0.2084 0.2059 0.2035 0.2012 0.1989 0.1967
0.1946 0.1926 0.1906 0.1687 0.1866 0.1650 0.1633 0.1816 0.1799 0.1783 0.1767
0.1752 0.1737 0.1723];

HA1S=11R151 +11R152;

RoCR1S=(PSAIS. /UH)*60;%actual NoC Natrix

fplot (11A1S,RoCALS, '-~'),
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fthis progrom computes the takeoff and fanding distances for the NEN aircraft.
It s based on the onalysis presented In chapter 10 of Hlcolal.

Ulo=185;%velocity at 111t off

1+25400; Sthrust

g=32.17:%acceleration dus to gravity
U=53000; Swe I ght

Cdo=.02;%parasitlc drag

5-639;%total wing area
N0=.0023769;Xdensity (90 deg. day==>.002241)
C1=2.04;%Xcoefflcient of 11ft

b=72;%wing span

h=11.4;%helght of wing above ground
Fh=((16*h/b)"2)/(1+((16*h/b)~2));
AR=8.11;%aspect ratlo

e=.0:%efflclency

K=1/(pi*e*AR);

L=.S5*RO*UIp"27S*CH %1110
Cd=Cdo+(Ph*C1"2*K);Scoeflicient of drag
D=.5*R0*U10"2*5*Cd; Xdrag

fr=.04:%friction
Slo=(U10"2*(1/g))/(2¢(T-(D+fr*(U-L)))), ¥distonce to tokeoff
Sro=3*Yio,Ndistance to rotate
Rf=U10"2/(g*(1.152-1));:%radlus of rotation
Scl=Af*sin(.16978),
Htof=Rf*(1-cos(.16978)),
Sobs=(50-Htof)/tan(.16978),
Stot=Slo+Sro+Scl+Sobs,
Sloa=1.44*1"2/(q*RO*S*I*(T-(D+fre(U-L)))),

111=47000;

Cin=3;

Us=sqrt (2*111/(CIa*R0O*S));

Ul=1,2%s:

Ulf=1, 235%s;

Cl1i=2%U1/(RO*VI £~2+8);
Cd=Cdo+(Ph*CIn"2*K);XcoeflIcient of drag
D=.5*R0*VU1~2*S*Cd;Xdrag

{rle5;

RI(=UI1"2/(g*(1.22-1)),
Sgl=(50-(R1f*(1-cos(2%p!1/180))))/tan{2%pl/180),
SI=RI{*sin(2%pi/180),
Sh=t.69%U~2/(g*RO*S*CIm*(T-(D+fri*(U-L)))),%landing rollout
Sift=Sgl+SifsSH,
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APPENDIX 1

XThis progrom wi!l compute the stabi!ity derivatives for three flight
conditions. The conditions wil! be at H=0.2, 0.40, 0.78. Corresponding alt!tudes

sill be hesl, 30K, and 30K respectively. These conditlons will be denocted by a
1, 2, and I respectively. Sihen parameters have defined sith Iittie more than an
educated guess, It will be denoted with o ®* sysbol. Calculations are done AU
Roskam Part Ut

{4=47000;%mid ronge welght
S=639;%=ing reference arsa
Lc4=17.5%p1/180; Asweep at quarter chord
K=1/(pl*.8%8.11);
Cdo=0.02;%parasitic drag coefficient
Caosf=-.1542;XRoskan Part VUi ,Chap 8
dCedCl=-.245;%(3Cn/3C!)average of DatCom & Roskam results
Q=1;%counter
for N= 2:.28:,77,
If 1¢0.3,
P=2116.2;%pressure @ sea level
else
P=2116.2%.2975;%pressure @ 30K
end
mQ)=n;
CL(Q)=U*2/(1, 4*P*1~2%S);Xcoefficlent of 11ft
Ca(Q)=Caouwf+CL(Q)*dCadC! ;%1 Inear moment coefflclent
C0(Q)=Cdo+Kk*CL(Q)"2;%drag coefflicient
CDu{Q)=(-4)*K*CL(Q)"2;%ean(10.10)
CLu(Q)=(N*2%coa(Lc4)~2*CL(0))/(1-H"2%cos(Lc4)"2);Kean(10.11)
0=0+!;:%counter
end

Clo={4.622 5.17 6.25);%computed In the Lift Curve Slope program.
Cmo=dCadC! .*CLa;Xeqn(10.19)

Sh=180;%hor | zontal tall surface area

Kbach=(25.7/9.77);kdefined In chapter 10, Page 380

Rbcg=(5.1/9.77);%defined In chapter 10, Page 380

ada=.95;%%hor |zontal-to-freestrean dynamic pressure (ah/q)
deda=0.33;%*dosneash gradlent at horlzontal tall (page 272)

CLoh=[3.00 3.3% 4.43);%%11ft curve slopes of the horizontal fuertical talls
Ubh=(Xbach-Xbcg)*(Sh/S);Shorizontal tall volume coefficlent
CLad=2%ada*deda*Ubh. *CLah;SC! alpha dot
Cnod=(-2)*ada*dada*Ubh*(Xbach-Kbeg) . #*Clah; SCa olpha dot

$This concludes the fongitudinal calculattons FOR HOU and begins Lat-Dir
fcalculations,

%1) CuB-sideforce-due-to-sidesiip (10.2.4.1.1)
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Dih=2;%dlhedral (In degrees)

Ki=1.73;%fron flgure 10.0 (2x=-3.3 & df/2=%)
Ro=3.5;%radlus of fuseloge shere the flow ceases to be a potential (flgl0.10,11)
So=p{*Ro"2;%area at that paint

Bu=10:%total span of the vertical tall

Su=45;%arso of one of the vertical tails
Au=Bu~2/Sv;Ruartical tal! aspect ratlo

flurat fo=1.028;%from flgure 10.19
Aueff=Au*Auratfo;feffect fue Au

CyBueff=3;%from figure 10.18

Cyrat1o0=0.865;% from figure 10.17

CyBe=-.00573*D1h;%CyB of the wing

CyBf=(-2)*K1*(S0/S);:ACyB of the fuseloge
CyBu=(-2)*Cyrat lo*CyBuef *(Su/S);XCyYB of the vertlcal tall
CyB=CyfRw+CyBf+CyBu;Xthe grand total

22) CIB-rolling moment-due-to-sidesiip (10.2.4.1.2)

CInCl=~.001;:%from flgure 10.20. !terating betseen taper ratio of N & .5
KaL={1.01 1.125 1.3);%flgure 10.21 using H=.2,.48,.76 & c/2=15 degrees
Kf=0.97;%figure 10.22

CIBCIA=.0002;%f1gure 10.23

CIBDih=-.00022;%fIgure 10.24. Iterating between taper ratio of 0 & .S
P=72:%wing span

AR=8.11;%aspect ratlo

Dfave=({pl*3.75°2)/.70854)".5;

ACIBDIh=(-.0005)*AR*(Dfave/B)"2;

KmDih={1.01 1,07 1.2];%fIgure 10.25 using t=.2,.48,.76 & c/2=15 degress
2w=-3.5;%%ee flgure 10.9

AC1Bzw=.042*AR".5*(20/B)*(Dfave/B);

etan=0.94;¥%tan(17.5)tImes wing twist of (-3) degrees. see page 397
ACI1Ret=-.000031;%figure 10.26

for Q=1:3,
CIBef(Q)=57.3*(CL(Q)*(CIRCI*KmL(Q)*Kf+CIBCIA)+DIh*(CIBDIN*KmDIN(Q)+aCIBDIR)+aCINz
stetan*aliffet );XCIB of the wing-fuselage comblinatlon

end

Bh=24;%horizontal tail span

CIBhf=_65.*CIflaf;X*CIB of the tall-fuselage combination
CIfh=(Sh*Bh/(S*B)).*CIph{;ICIB of the horlzontal tall

2u=4;%see flgure 10.27

Lu=24;%see figure 10.27

alf=pl/180*{10 4 0);%estImated A.0.A from the respective Cl's
CIBu=CyR*((2u.%cos(alf)-Lv.*ain(alf))/B);NCIB of the vertical tall
CIB=CIBef+CIBh+CIBu;Xthe grand total

$3) CnB-yawing moment -due-to-sidesiip (10.2.4.1.3)

Cnflle=0:Xopproxincte
Kn=.00165:%fiqure 10.28
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Kri=1,55;%8%fIgure 10.29

Sfs=376;%approximate fuseloge side area

Lf=55;%fuselage length

CoBf=(-57.3)*Kn*Kr1*(Sfa*Lf/(S*B)):XCnB of the fuselnge
CnBu=(-CyBu)*((Lu.*cos(al f)+2u.?sin(alf))/B);XCnB of the vertlcal tall
CnB=CnBw+CnBf+CnBu;Xthe grand total

X4) CyBd-sideforce-due-to-rate of-sidesi!ip (10.2.5.1)

Sigba={-.023 -.025 -.028);Xfigure 10.30

Sigbd={.84.87.90];Xflgure 10.31

Sigbet=[-.02 -.022 -.024);%flgure 10.32

Sigbef={.14 .145 .15];%flgure 10.33

et=(-3):%%sing telist In degrees

Lp=26;f%quarter chord of wing to quarter chord of vertical tall

2p=10;:Xfrom bottom of fuseloge to quarter chord of the vertical tail

for 0=1:3,

dS1gdB(Q)=Sigba(Q)*alf(Q)*180/pi+Sighd(Q)*(Dih/57.3)-Sigbet(0)*et+Sigbef(N);Xman.
10.47

CyRd(Q)=2*dS1gdB(Q)*(Su/S)*((Lp*cos(al f(Q))+Zp*sin(alf(Q)))/B);Nean. 10.46

£5) CIBd-rolling moment-dus-to-rate of-sidesilip (10.2.5.2)
Cind(Q)=CyBd(Q)*((2p*cos(al f(Q))-Lp*sin(alf(Q)))/B);%ean. 10.48

$6) CnBd-yawing moment-due-to-rate of-sidesiip (10.2.5.3)
CnBd(Q)=CyBd(Q)*((Lp*cos(alf(Q))+2p*sin(alf(Q)))/B);Kean. 10.49

%7) Cyp- sldeforce-due-to-roll rate (10.2.6.1)
Cyp(Q)=2*CyBu*((2v*cos(al f(Q))-Lu*sin(alf(Q)))/B);Xean. 10.50
end

28) Cip- rolling moment-due-to-roll rate (10.2.6.2)

for Q~1:3,

BHa(Q)=(1-H1(Q)"2)"~.5;%eqn. 10.53

KNa(Q)=(CLa(Q)*BMa(Q))/(2%pi) ;Xeqn.10.54

end

Cloratfo=!;:;%1ift coefficlient ratio

BCIpk={-.49 -.46 -.43);%figure 10.35
Clpdr=1-4*2w/(B*ain(2*p|/180))+12*(2w/B)"2*(sin(2*p1/180))"2;%eqn. 10.55
ClpDCLr=-.0015;%figure 10,36

CDow=.0059;:%from the CDo program

Ciph=0;%approxinate from eqn. 10.59

Clpu=CyBu*2%(2v/B)"2;%eqn 10.60

for Q=1:3,

Clpdrag(Q)=ClpDCLr#CL(Q)"2-.125¢C0ow;%eqn. 10.56
Clpe(Q)=BCIpk(Q)*(KHa(Q)/BNa(Q))*Clarat |o*Clpdr+Cipdrag(Q);Xean. 10.52
end

Clo=Clph+Clou+ClpwiSthe arand total (1inei00)
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X9) Cnp- yawing moment-due-to-roll rate (10.2.6.3)

Cbor=9.77;:%1.A.C.

Xbar=0;%distance from the c.g. to the a.c. (positue for a.c. aft of c.g.)
Cnpet=.0004:%figure 10.37
CO=cos(Lc4);C02=(coa(lc4))"2;TA=tan(Lc4);IN2=tan(Lc4)"2;
CnpC100=(-1/6)*(AR+6*(AR+CO)*((Xbar/Cbar)*TA/AR+TA2/12))/(AR+4*C0);Xean. 10.65
for Q=1:3,

Bno(Q)=(1-N1(Q)~2*C02)",5;Xean, 10.64
CopCIOM(Q)=((AR+4*CO)/(AR*Bnp(Q)+4*CO) ) *((AR*Bnp(Q)+.5*(AR*Bnp(Q)+CO)*TA2)/(AR+ S
*(AR+CO)*TA2))*CnpC100;Xeqn. 10.63

Cnpe(Q)=(-CnpCION(Q))*CL(Q)+Cnpeat *et ;Xegn. 10.62
Crpu(Q)=(-(2/(B~2)))*CyRu*(Lu*tcos(al f(Q))+2u*sin(al f(Q)))*(2u*cos(al F(Q))-Lu*tain(
al£(Q))-2v);Xeqn. 10.67

end

Cnp=Cnpe+Cnpu,Xthe grand total

29) Clq- I1ft-due-to-pltch rate (10.2.7.2)

Re=0;%flgure 10.39

for Q=1:3,

Clqwl0(Q)=(.5+2*Xe/Cbar)*CLa{Q);%ean. 10.71
Clqe(Q)=({AR+2*CO)/(AR*Bnp(Q)+2*CO) )*C1qulD(Q);Xeqn. 10.70
Cigh(Q)=2¢*CLah(Q)*Vbh*ado;Xeqn. 10.72

end

Clg=Clqe+Cigh,%the grand total

210) Cag- plitching moment-due-to-pitch rate (10.2.7.3)

for Q=1:3,

Cma(Q)=1.1*(-2)*CLah(Q)*oda*Vbh*(Xbach-Xbcg);¥ean. 10.78 times 1.1 to account
%for the wing-body component .Thls Is from Roskam's "Nirplane Fllght Dynamice and
fAutomatic Flight Controls™ book Part |, page 188.

end

B o e e e e e e e e e e e e e
Sback to the lat-der derivatives brlefly

B e o e e e e e e e e e e e e
211) Cyr- sideforce-dus-to-yaw rote (10,2.8.1)

for Q=1:3,

Cyr(Q)=(-2)*CyBu*(Lu*cos(al f{Q))+2u*sin(al f(Q)))/B;%eqn. 10.60
end

%12) Cir- rolling moment-due-to-yaw rote (10.2.8.2)
CIrCLOD=.257;%figure 10.41
aCirdih=.003%p | *AR*sin(Lc4)/(AN+4*C0);Xeqn. 10.04
aCiret=(-.014);Xfigure 10,42

for 0-1:3,
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HUt=1+((RA*(1-Bnp(0)~2))/(2*Bnp(Q)*(AR*Bnp(Q)+2*CO)))+((AR*Bnp(Q)+2*C0)/(NA*Bnp (0
)+4*C0))*1A2/8;Xnurerator of egn. 10.83

DE1=t+((AR+2*C0)/(AR+4*C0) )*TR2/8;:Xdenominator of eqn. 10.83
CirCLON(Q)={NU1/DE1 ) *CIrCLOD;%0an. 10.83
Clro(Q)=CL(Q)*CIrCLON(Q)+aClrdIh*DIh+ACIret*et ;%eqn. 10.82
Clru(Q)={-(2/(8~2)))*CyBut(Lu*con(al F(Q))+2u*sin(al f(Q)))*(2u*tcos(al f(Q))-Lu*sin(
al£{0)));%eqn. 10.87

end .
Clr=Cirw+Cirv;Xthe grand total

%13) Cnr- yaeing moment -due-to-yaw rate (10.2.8.3)

CnrClr=0;%flgure 10.44

CnrCDo=(-.35);%figure 10.45

for Q=1:3,

Cnre(Q)=CnrCLr*CL(Q)~2+CnrCDo*CDow;Reqn. 10.67
Cnru(Q)=(2/(B"2))*CyBu*(Lu*cos(al F{Q))+2u*sin{al 1{Q)))"2;Xeqn. 10.88
end

Cnr=Cnre*Cnru;fthe grand total

Kb=.47;%figure 8.52

CldCIdt=.082;X*flIgure 08.15. Hote:the elevator-to-hor. tall chord ratio & the
falleron-to-chord rotio ore obout thé some. This is Important for section 17).
Cldt=5.2;%figure 0.14

Kprine=1;%approxinate (figure 8.13)

RdCLAdci=1.02;%f1gure 8.53

Al fde=Kb*CldCIdt*C1dt *AdCLAdc I *(Kprine/(2*pi* . B8) ) X%eqn. 10.94

’ ______________ - - — > T - e " — — - > T~ 4 " Y = - ——
%14) Clae- |1ft-due-to-elevator (10.3.2.2)

for Q=1:3,

CLIh(Q)=ada*(Sh/S)*CLah(Q);%eqn. 10.91

Clae(Q)=AIfde*CLIh(Q);%eqn. 10.95

end

X15) Caae- pltching moment-due-to-slevator (10.3.2.3)
for Q=t:3,

Calh(Q)=ada*Ubh*(-CLoh(Q));Xeqn. 10,91
Cmae(Q)=A1fde*Calh(Q);Xean. 10.95

end

216) Cyaa- sideforce-due-to-alleron (10.3.5.1)
Cyao=0;%eqn. 10.10%

217) Claa- rolling moment-due-to-alléron (10.3.5.1)
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bCplake=f{.4 .395 .385);:8fqure 10.46b

for Q=t:9,

Cola(Q)=(KMa(Q)/BHa(Q))*bCplak(Q);Nean. 10.107

Al fdela(Q)=(C1dCIdt*CIdt)/CLa(Q);:%ean. 10.109,
C1a(Q)=RIfdela(Q)*Cpla(Q):Xean. 10.108

end

Clag=2*Cla;Xsan. 10.113 ,

218) Cnaa- yawing moment-due-to-alleron (10.3.5.1)
Ka=-.115;%(iqure 10.48

for Q=1:3,

Cnao(Q)=Ka*CL(Q)*Claa(Q);Sean. 10.114

end

%19) Cyar- sideforce-due-to-aileron (10.3.8.1)
Su2=90:%total vertical tall orea

Kp2=.0;%flgure 8.13

Cl1dCidt2=.62;%%fIgure 8.15

Cldt2=5.7:%flgure 0.14

for Q=1:3,
Cyar(Q)=CLah(0)*Kp2*KbeCIdCIdL2*CIdt 2*(Su2/5) ;Rean. 10.123
end

220) Clar- rolling moment-due-to-alleron (10.3.8.2)

for Q=1:3,

Clar(0Q)=Cyar(Q)*((2u*cos(al f(Q))-Lutsin(al 1(Q)))/B);Xeqn. 10,124
end

%21) Cnar- yawing moment-due-to-alleron (10.3.8.3)

for Q=1:3,
Cnar(0)=(-Cyar(Q))*((Lu*cos(al f(Q))+2u*sin(al f(Q)))/B);%ean. 10.125
end
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APPENDIX J

XThis prograom witl| caiculate the dynomic characteristics of the fiIEU alrcraft.
The programaing |s bosed on the dynamic approximattions presented In Etkin’s
book, Flrst edlition, 1959, Chapters 6 & 7. Stability Derluatives are acquired
from the Stabllity Qerfluatlve progran.

Hass=53000/32.2;:%mass In slugs

Cbar=9.77;%mean aerodynamic chord

$=639:%wing reference area

L1=Cbar/2;%page 192 (longlitudinal only)

RO1=.0023769;%denslty at sesa level

R02=.0023769%.3106;Xdensity at 35000 ft.

NU1=Hoss/(RO1*S*L1);Xpage 192

fU2=Hass/(AD2*S*L1);Xpage 192

CL={1.2413 0.7244 0.2890);:Xreference CL. From Stob. Der. program
CD~{0.0956 0.0457 0.0241);%refarence CD. From Stab. Der. program
CLao={4.8220 5.1700 6.2500);%reférsence Clo. From Stab. Der. program
COu=(-0.3024 -0.1030 -0.0164]1;%reference CDu. From Stab. Der. program
alfepi/160*[10 4 0);%estinated A.0.A from the respective Cl’'s

fohugoid modes

Unp(1)=CL(1)/(9qrt(2)*NU1);%ean.(6.7,4) assuaing negtigible Czu aond Czq
Unp(2)=CL(2)/(9qrt (2)*HU2) :Kean.(6.7,4) assuming negligible Czu and Czq
Unp(3)=CL{3)/(3qrt(2)*11U2);:%ean.(6.7,4) assuming negligible Czu and Czq
for Q=1:3,

Cxu(Q)=(-2)*(CB(Q)+CL(O) *tan{al 1(Q)))-COu(Q) ;Xpage 150 (11)
2ep(Q)=(-Cxu(Q))/(2*sqrt (2)*CL(Q));%ean.(6.7,4) assuming negllgible Czu and Czn
Ndp(Q)=sqrt(1-2ep(Q)~2)*Nnp(Q) ;Xdamping frequency

Tp(Q)=(2*pt)/Udp(Q) :¥period

end

Chart={1 (2*2ep(1)*Unp{1)) Unp(1)~2]);%characteristic equation

Char2=[1 (2%2ep(2)*Unp(2)) Unp(2)~2);%characteristic equatfon

Char3=[1 (2*2ep(3)*Unp(3)) Unp(3)~2):Xchoracteristic equation
Ri=roots(Char!);Xthe roots

R2=roots(Char2) :%ths roots

RA3=roots(Chorl);Xthe roots

fshort perlod modes

lyy=74176;%moment of Inertia from the CG progron
Ib1=tyy/(RO1*S*L1~3);%non-dImensional moment of Inertla. Fage 192.
Ib2=1yy/(RO2*S*L1~3);Snon-dImensional moment of Inertia. Page 192.
Czo=(-1)*(CLa+CD);%eqn.(5.2,3)

Cma={-1.1814 -1,2666 -1.5312);%from stabllity derlvative progranm
Caq=[-7.8521 -8.7682 -11.5949):%from stabllltly derlvative progrom
Ceaad=[-2.3556 -2.6304 -3.4785);%from stabl!ity derlvative program
Una(1)=sart((Cza(1)*Caall)-2¢NUI*Caa(l))/(2*8HUI*1b1)) :Rean.(6.7.7) assumina
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neglligible Czadot and Czq

for 0=2:3;

Uns{Q)=sart ((Cza(Q)*Cmq(Q)-2*MU2*Cma(0Q))/(2*MU2%1b2)):%ean.(6.7,7) ossuming
negiiglble Czadot and Czq

end
2as(1)=(-1)*((2*MUI*Cma( 1)+ 1b1*Cza())+2*NUI*Cmad (1)) /(2*(2*HUI*IbI*(Cza(1)*Cmn(1)
-2*HU1*Cma(1)))~.5)):%ean.(6.7,7) assuming neqligible Czadot and Czq

for Q=2:3, ,
208(0)=(-1)*((2*NU2*Cma(Q) + 1b2*Cza(Q)+2*HU2*Cmad(Q) ) /(2% (2*1MU2*1b2%(Cza(Q)*Cma(Q)
-2*NU2*Cma(0)))~.S));%ean.(6.7,7) assuming negligible Czadot bnd Czq

end

for Q=1:3,

Uds(Q)=sqrt(1-2es(Q)~2)*Uns(Q);tdamping frequency
Ts(Q)=(2*pi)/Ude(Q);Xperiod

end

Chorta={1 (2*2es(1)*Uns(1)) Uns(1)~2];%choracteristic equation

Char2s={1 (2*2e9(2)*lins(2)) Une(2)~2]);%characterist!ic esquatlion

Char3s=(1 (2%2es(3)*ne(3)) lUns(3)~2]):Xcharacteristic equation
Rts=roots(Charls);:%the roots

R2s=roots(Char2s):Xthe roots

NIs=roots(Chaorls) :fthe rootse

B8=72;:%eing span

1L2-8/2;%page 226

{xx=100006;¥moment of Inertla from the CG program

1zz=147693;Xmoment of Inertia from the CG program
Ixz=-14.9335;%moment of Inertla from the CG program
lal=1xx/(RO1*S*L2"3);%non-dImensional moment of Inertla. Page 192,
la2=1xx/(R02*S*L2°3) ;knon-dimenslonal moment of Inertla. Page 192,
lct=izz/(ROI*S*L2°3) ;Xnon-dimenslonal moment of inertla. Page 192,
le2=1zz/(R02*S*L2"3);Xnon-dImensional moment of Inertia. Page 192.
let=txz/(RO1*S*L.2°3);%non-dimensional moment of Inertia. Poge 102.
le2=1xz/(R02*S*L2~3) ;Xnon-dImenslonal moment of Inertia. Page 192.
CyB=-0.5877;%from stabliity derivative progrom

Cyr=0.2437;%from stablility derivative program

Clp=(-2.4765 -2.5993 -2.8140);%from stabl!lity derivative progrom
Clr=(0.4717 0.3620 0.2667);%from stabllity derivative program
Cop~{0.1319 0.0764 0.0291);%from stab!!lity derluvative progrom
Cnr={-0.0855 -0.0848 -0.0033):%from stablility derlvative program
CIR=(-0.1279 -0.1307 -0.1273];Xfrom stablllity derivative program
Cyp~{0.0023 -0.0235 -0.0406);:%from stabl!ity derivat!ive program
CnB={0.0576  0.05M 0.0560);%from stabliity derlvative program

AC1)=2*nUI*(1al*icl-le1~2):Xpolynonial coefflicient. ean.(7.1,3)
A(2)=2*N1U2*(102*1c2-162"2) :8polunomial coefflclent. ean.(7.1,3)
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fA(3)=A(2);
B(I)'Cgﬂ‘('el'?—lal"cl)-Z'NUl'(|c|*C|p(')4|0|‘Cnr(l)*le"(Clr(')‘CnD(|))):’nolun
omia!l coefflicient., eqn.(7.1,3)

for Q=2:3,
B(U)'Cgﬂ'(|02“2-302‘|c2)-2'NU2'(lc2‘C|p(0)’|02’CnP(0)*leZ’(CIP(U)‘Cnp(O)));!polun
omlal coefflclent, eqn.(7.1,3)

end ,
C(l)-Z‘"UI‘(Cnr(|)‘CIo(I)-Cno(!)‘Clr(l)*lol'tnﬂ(l)*Iel‘C|B(|))'Ial'(CgB'Cnr(l)—Pn
B(1)7Cyr) e 1c1*(CyBYCID(1)-CIB(1)*Cyp(1))+1e1%(CyBCnp(1)-CaB(1)*Cyp(1)+CIn(1)*ryp
-Cyr*CIB(1)):%polynonial coefficient. eqn.(7.1,3) '

for Q0=2:3,
C(O)'Z‘NUZ‘(Cnr(O)‘C|p(O)-Cnp(0)*C|r(0)4|02’CHB(O)‘|02'CIH(O))‘laZ'(CgB‘CnF(U)-Cn
B(Q)*Cyr)+ 1c2*(CyB*CIB(0)-CIB(Q)*Cyp(0))+1e2%(CyB*Cnp(0)-CnR(D)*Cyp(0)+C1r(Q)*CyR
-Cyr*CIB(Q)):Xpolynonial coefficlent. ean.(7.1,3)

end
U(‘)'Cgﬂ‘(C'P(|)’CnD(|)—Cnr(l)‘ClD(l))‘Cgp(|)‘(Clﬂ(l)'tnr(')—CnB(')'Clr(l))‘(2'HH
1-Cyr)*(CIB(1)*Cnp(1)-CnB(1)*CIp(1))-CLLI1)*(1ci*CIB(1)+1e1*CnB(1));Xpolynonial
coeffliclient. eqn.(7.1,3)

for Q=2:3,
D(Q)=CyB*(CIr(Q)*Cnp(Q)-Cnr(Q)*CIp(Q))+Cyp(Q)*(CIBCQ)*Cnr(Q)-CnB(Q)*CIr(Q))+(2*m
2-Cyr)*(CIB(Q)*Cnp(0)-CnB(Q)*CIp(Q))-CLIQ)*(1c2*CIR(0) +1e2*CnB(Q) ) ; Xpolynonial
coefflclent. eqn.(7.1,3)

end

E(l)'CL(I)‘(CIB(I)‘Cnr(l)-CnB(!)‘Clr(l)):!polgnonlal coefficlent. eqn.(7.1,3)

for (0=2:3,

E(Q)=CL(Q)*(CIB(Q)*Cnr(Q)-CnB(Q)*CIr(Q));¥polynomlial coefficient. eqn.(7.1,3)

end

CharLD1=[A(1) B(1) C(1) D(1) E(1)];Xcharacteristic equation
ChartD2=(A(2) B(2) C(2) D(2) E(2)]:¥characteristic equotion
ChartD3=[A(3) B(3) C(3) D(3) E(I));Xcharacteristic equation
ALD1=root s(CharlD!);Xthe roots

RLO2=roots(CharlD2):%the roots

ALDI=roots(CharlD3);Xthe roots

[UnL1,2eL1) = DANP(CharlD1);%natural frequency ond damping ratlo
(UnL2,2eL2]) = DANP(CharlD2);Snatural frequency and dampling rotle
{UnL3,2eL3] = DANP(CharLD3);%natural frequency and domping ratio
UdL1=sqrt(1-2eL1.~2).*UInL1;Xdamping frequency

TLi=(2%p1)/UdL1 ;Xperiod

HdL2=9qrt(1-2eL2.%2).*UnL2;Xdamping frequency

TL2~(2%p1)/UdL2; Xperiod

UdL3=sqrt(1-2eL3.2).*UnL3;%dampIng frequency
TL3=(2%p () /UdL3;: Xperiod
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